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CHAPTER I
 
INTRODUCTION
 
The  idealized view  of  good  range management  in  a
 
production context can be expressed as the sustained yield of
 
some mix of economic products.  The word "sustained" implies
 
that the range can be utilized in a manner which does not
 
degrade the capability of the land (Noy-Meir and Walker 1986).
 
Range management techniques must be based on a theoretically
 
sound model of vegetation and soil dynamics if the goal of
 
maintaining or enhancing the stability and productivity of the
 
earth's rangelands is to be achieved.
 
The traditional successional approach to range management
 
derives from Clementsian ideas of plant ecology.  Clementsian
 
theory, as interpreted by rangeland ecologists, assumes that
 
plant  communities  develop  through  the  process  of
 
establishment,  growth,  maturation,  and decadence along a
 
linear continuum known as ecological succession (Clements
 
1916; Clements 1936).  The end result of this process is a
 
single  persistent,  dynamic  equilibrium  community  called
 
"climax".  Clementsian climax theory was further formalized by
 
Dyksterhuis  (1949)  who applied the climax concept in the
 
development of a systematic method for determining condition
 
and trend of rangeland vegetation.  The quantitative climax
 
approach of Dyksterhuis  (1949)  assumes a rangeland has a
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single persistent state in the absence of grazing.  Grazing
 
pressure  causes  a  retrogression  away  from  the  climax
 
community.  Thus, grazing intensity can be made equal  and
 
opposite to the successional direction of the plant community
 
producing an equilibrium in the vegetation at a set stocking
 
rate and a given seral stage (Westoby, Walker and Noy-Meir
 
1989).  A sustainable yield of livestock products  can be
 
harvested from such an equilibrium.  All possible states of
 
vegetation can be arrayed on a single, linear, continuum, from
 
heavily  grazed,  early-successional,  poor  condition,  to
 
ungrazed, climax, excellent condition.  Condition is the term
 
used to describe the plant communities' position  on this
 
continuum.  Under the climax model the object of management is
 
to choose a stocking rate which establishes  a  long-term
 
balance between the pressure of grazing and the successional
 
tendency (Westoby, Walker and Noy-Meir 1989).
 
The attraction and acceptance of the climax based model
 
derives from its simplicity.  Rangelands are divided into
 
range sites which are comprised of one to several soil series,
 
potentially capable of producing the  same kind, proportion,
 
and abundance of late successional plant species (Shiflet
 
1973).  The condition of a range site can then be measured by
 
the composition of the current plant community relative to the
 
known, presumed, or preferred climax (Archer and Smeins 1991).
 
The climax model functions on the assumption that  range
 
condition can be modified continuously and reversibly along
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the linear continuum expressed by the inverse relationship
 
between grazing pressure and range condition.  Thus, in this
 
paradigm, management of rangelands is completely a function of
 
determining the correct stocking rate for the desired range
 
condition.
 
An important criterion of the applicability of a model or
 
theory is its ability to predict the consequences of man's
 
actions with acceptable precision over timescales relevant to
 
management. After 40 years of applying the climax based model
 
to rangeland management its predictive capabilities have come
 
under serious scrutiny.  The inability of the model to handle
 
multiple vectors of change (climatic variation, fire, plant
 
introduction, grazing) and the lack of correlation between
 
change in vegetation composition and animal production or
 
vegetation composition and land stability have  led some
 
ecologists to abandon the model completely (Wilson 1984).
 
Traditional theories of plant succession leading to a single
 
equilibrium community have been found to be scientifically
 
inadequate  for  semi-arid  and  arid  rangeland  ecosystems
 
(Westoby 1980; Anderson 1986; Foran, Bastin and Shaw 1986;
 
Laycock 1991).  Johnson and Mayeux (1992, p.  331) detailed
 
several examples of historical shifts in species composition
 
and  concluded  that  "the  sanctity  attributed  to  climax
 
vegetation because it is natural, repeatable, and stable in
 
species composition is without merit". The recognition of this
 
inadequacy has generated a search for an alternative theory
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that  more  closely  reflects  the  dynamics  of  rangeland
 
ecosystems.  Theories involving multiple steady states, and
 
state-and-transition  (threshold)  processes are gaining in
 
acceptance.
 
Westoby et al.  (1989) proposed the use of a state-and­
transition model  as  the  basis  for describing rangeland
 
dynamics.  A state is defined as an alternative, persistent
 
vegetation community which is not simply reversible in the
 
linear successional framework. Transitions between states are
 
triggered by natural events (e.g., weather or fire) or by
 
management actions  (change  in grazing pressure,  burning,
 
mechanical  manipulation  of  plant  communities  or
 
fertilization).  Transitions may occur very quickly, as in the
 
case of fire, or slowly over an extended period of time as in
 
the case of a shift in weather patterns.  Regardless of the
 
rate of change, the system does not come to rest halfway
 
through a transition (Westoby, Walker and Noy-Meir 1989).
 
Transitions are also referred to as thresholds (Friedel 1991).
 
Friedel  suggests  that  environmental  change  can  be
 
discontinuous, with thresholds between alternative new states
 
of  species  assemblages.  Thresholds  have two  important
 
characteristics: first they are the boundary in space and time
 
between two states; and second, the initial shift across the
 
boundary is not reversible on a practical time scale without
 
significant inputs of capital and time.  Two thresholds which
 
occur in arid and semi-arid environments have been identified
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by Friedel  (1991).  The  first separates grassland  from
 
woodland and the second stable from degraded soil.  The change
 
from grass to woody vegetation can arise when the capacity of
 
defoliated grasses to carry fire or competitively exclude
 
woody plants is diminished. Archer and Smeins (1991) provided
 
examples of this type of change in some regions of North
 
America.  These include the shift, in the Great Basin, from
 
perennial bunchgrasses and open stands of sagebrush to dense
 
sagebrush and annuals with no residual bunchgrass, the shift
 
from tobosa and black grama grasslands to creosotebush,
 
tarbush, or mesquite shrublands in the southwestern desert
 
grasslands, the shift from tallgrass prairies and savannas to
 
oak, juniper, or mesquite woodlands in the southern grasslands
 
and savannas, and the shift from perennial bunchgrasses to
 
annual grasses in the California mediterranean grasslands.
 
The relatively recent invasion and dominance of western
 
juniper on range sites formerly occupied by bunchgrass/big
 
sagebrush communities in Oregon and other western states
 
represents this type of threshold.  In New South Wales the
 
infestation of shrubs into the open eucalyptus woodlands is
 
another such example (Friedel 1991).
 
A second threshold is reached when soil erosion outstrips
 
replenishment,  thus  altering,  irreversibly,  the  soil's
 
physical and chemical properties.  Infiltration is reduced and
 
runoff is increased to a point where the environment becomes
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too xeric for the ready establishment of grasses or, in the
 
extreme, woody plants (Friedel 1991).
 
Multiple steady states do appear to be present for many
 
arid  and  semi-arid  rangeland  vegetation  types.  The
 
theoretical modeling and research to date is void of the
 
applicability of threshold theory in riparian areas contained
 
within the arid and semi-arid rangelands of the world.  While
 
riparian zones constitute only a small fraction (2-3 percent)
 
of the areal extent of rangelands in the eleven western United
 
States, they provide a disproportionate amount of the forage
 
consumed by livestock and are vital for the support of fish
 
and wildlife.  Given the importance of riparian zones to
 
livestock production as well as fish and wildlife habitat it
 
is critical that these areas be investigated for development
 
of theoretical models which have the potential to predict the
 
impact of management decisions on the ecological integrity of
 
riparian ecosystems.
 
Riparian zones are areas adjacent to streams or rivers
 
where the vegetation  is  significantly influenced by the
 
presence of water.  They are generally characterized by high
 
productivity, high species diversity and high density of
 
herbaceous vegetation.  Riparian zones are unique in their
 
linearity,  providing  the  interface  between  the  aquatic
 
ecosystem and the associated uplands.  They perform as a
 
nutrient sink for lateral runoff from the associated uplands
 
and as a nutrient transformer for upstream-downstream flows
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(Mitsch and Gosselink  1993).  Consequently,  there  is  a
 
continuous exchange of energy, nutrients, and species between
 
riparian, upland and aquatic ecosystems.
 
A properly functioning riparian zone is central to the
 
maintenance of the ecological integrity of the landscape and
 
the associated lotic system.  Elmore (1988)  stated that a
 
healthy riparian area provides three basic benefits:  (1)
 
physical filtering of water, (2) bank stability, and (3) water
 
storage and recharge of underground aquifers.  All three of
 
these functions are dependent upon the quantity and diversity
 
of riparian vegetation.  During periods of high flows riparian
 
vegetation reduces stream velocity while capturing sediment
 
and  debris,  physically  filtering  the  water.  Sediment
 
deposition helps to build banks and promotes the deepening and
 
narrowing  of  stream  channels.  In  addition,  riparian
 
vegetation protects the streambanks from the hydrological
 
forces of eroding water reducing bank cutting and channel
 
degradation.  During overbank flow events water spread over
 
the floodplain soaks into the soil and returns to the stream
 
at  a  slower rate through subsurface  flow.  Groundwater
 
discharge has been found to depress daily maximum stream
 
temperatures (McRae and Edwards 1994) therefore, subsurface
 
return flow may prolong instream channelflow and moderate
 
stream temperatures during the dryer periods of the year.  By
 
exercising control over the physical components needed to
 
capture,  store  and  safely release water and  nutrients,
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streamside vegetation strongly influences the quality of the
 
associated aquatic habitat.  Understanding the potential
 
impact of various management strategies on riparian vegetation
 
is  critical  in  the  maintenance  or  improvement  of  the
 
ecological function of both the riparian and aquatic systems.
 
A main impediment to this goal is the lack of research on the
 
on ability of theoretical models of vegetation dynamics to
 
predict the consequences of management decisions within the
 
riparian ecosystem.
 
Riparian literature to date has focused primarily on the
 
inventory of riparian attributes and the effects of abusive
 
livestock grazing, either past or present, upon the various
 
characteristics of the riparian ecosystem.  Relatively little
 
research  has  been  directed  towards  the  quantitative
 
measurement of the physical linkages which exist between the
 
aquatic and riparian systems and the impact of management upon
 
them.
 
The diversion of streamflow for irrigation of riparian
 
meadows is a management process common in many arid areas of
 
the world.  Irrigated riparian meadows provide the opportunity
 
to investigate the linkages between the irrigation process and
 
groundwater levels, soil moisture, vegetative biomass, species
 
composition, streamflow and stream temperature.
 
Conversion of vegetative biomass into animal products
 
through the haying/feeding or grazing process is also a common
 
practice in most terrestrial ecosystems.  The effect of
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varying levels of grazing/haying intensity and season of use
 
on biomass production,  species composition,  basal cover,
 
litter and bareground provide insight into the impact of
 
management decisions on riparian ecosystems.
 
Modeling of these physical  linkages will provide  a
 
quantitative evaluation of the ability of state-and-transition
 
theory to describe and predict the affects of natural events
 
or management decisions on riparian vegetation dynamics.
 
Developing this model forms the focus of this research.
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STREAM TEMPERATURES RELATED TO SUBSURFACE WATERFLOWS
 
ORIGINATING FROM IRRIGATION
 
Tamzen K. Stringham, John C. Buckhouse
 
and William C. Krueger
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ABSTRACT
 
The source of water, relative contibution of groundwater
 
and discharge level of the stream are the most important
 
hydrologic factors impacting the thermal regime of lotic
 
ecosystems.  Groundwater discharge provides baseflow and has
 
been found to moderate daily maximum stream temperatures.
 
Subterranean irrigation, where water is diverted from the
 
stream, carried by a ditch along the flood plain edge and
 
allowed to return to the stream via subsurface interflow may
 
mimic the cooling effect of groundwater discharge. Continuous
 
stream temperature data were collected on adjacent  non-

irrigated and irrigated reaches of a third-order stream in
 
Eastern Oregon.  Sensors were placed in the stream above a
 
head-ditch  diversion,  in  the  irrigation  ditch,  in  the
 
subsurface (interflow) groundwater, and in the stream reach
 
within  the  irrigated  meadow.  Daily  maximum  stream
 
temperatures in the irrigated meadow reach were 1.0° to 3.0°C
 
cooler than the non-irrigated reach.
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INTRODUCTION
 
The  thermal  characteristics  of  running  water  are
 
determined by numerous interrelated factors which can be
 
categorized  into  three  ecological  components:  hydrology,
 
insolation,  and  climate.  Altitude,  latitude,  and
 
continentality determine the regional climatic 'conditions.
 
Ward (1985)  found air temperature to be the most important
 
climatic  factor  influencing  stream  temperature.  Water
 
temperature extremes typically lag 1 to 4 hours behind air
 
temperature extremes due to the high specific heat of water
 
relative to that of the atmosphere (Ward 1985).  McRae and
 
Edwards (1994) found that air temperature accounted for an
 
average of 63% of the variability in lagged water temperature.
 
Cloud cover, vapor pressure, wind speed and precipitation
 
events can modify the impact of air temperature on stream
 
temperature.
 
In some situations,  direct solar radiation plays  a
 
significant role in determing stream temperature.  The extent
 
to  which  insolation  influences  stream  temperature  is 
determined  by  vegetation  cover,  channel  morphology  and 
topographic  factors.  Wide  or  braided  stream  channels 
generally experience wider temperature fluctuations because
 
they expose a greater water surface to direct solar radiation.
 
The removal of trees along low order streams in forested areas
 
has been shown to cause a significant increase in stream
 
temperature.  Brown and Krygier (1970) reported an increase of
 15 
up to 15°C in the annual maximum stream temperature after
 
clearcutting and an increase of up to 8°C in the average
 
monthly maximum.  However, Barton (1985)  found that within
 
broad, flat valleys aspect was more important than percent
 
canopy cover in determining stream temperature.
 
The  source  of  water,  the  relative  contribution  of
 
groundwater and the flow or discharge of the stream are the
 
most important hydrological factors impacting the thermal
 
characteristics of lotic ecosystems.  Groundwater provides
 
baseflow and moderates the effect of seasonal air temperature
 
fluctuations.  Meisner  (1990)  found groundwater discharge
 
maintained coldwater habitat in headwater streams while shade
 
performed an accessory role by reducing insolation.  Because
 
of the thermal stability of subterranean water, any lotic
 
segment  receiving  a  proportionately  large  influx  of
 
groundwater exhibits a high degree of thermal constancy (Ward
 
1985).  Furthermore,  stream  segments  receiving  a
 
proportionately greater contribution of groundwater at low
 
flow exhibit depressed daily maximum temperatures (Bilby 1984;
 
Mosley 1983; McRae and Edwards 1994).
 
Any significant alteration of the factors that determine
 
the natural temperature regime of running waters may directly
 
or indirectly modify local thermal conditions (Ward 1985).
 
Agricultural irrigation practices which divert stream water
 
are perceived as having a negative impact on water quality by
 
decreasing  stream  flow  and  increasing  temperature.
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Subterranean irrigation, where water is diverted  from the
 
stream, carried by a ditch along the flood plain edge  and
 
allowed to return to the stream via subsurface interflow is a
 
common practice in the Intermountain West.  A case study was
 
implemented to test the hypothesis that cooler, relatively
 
temperature-stable subsurface water flows, originating from
 
irrigation, moderate stream temperature.
 
SITE  DESCRIPTION
 
The study site was located on a third-order stream in
 
south central Grant County, Oregon.  Grant County, situated in
 
the Central Blue Mountains of east-central  Oregon,  lies
 
between 44° and 45° north latitude and 118° and 120° west
 
longitude.  The study stream flows east to west, draining a
 
basin of approximately 1950 km2.  Two adjacent segments of the
 
stream, one located upstream of an irrigation diversion and
 
one located within the irrigated meadow were chosen for the
 
study.  Elevations range from 1450 to 1500 m.  The non-

irrigated segment was located within a meadow of approximately
 
155 m in width.  The close proximity of the hillslopes provide
 
some topographic shading.  Meadow width at the top of the
 
irrigated meadow was approximately 308 m, widening to 615 m,
 
500 m downstream.  There is no topographic shading within the
 
irrigated meadow.  Willow frequency along the non-irrigated
 
reach exceeds the frequency along the irrigated segment by 1.5
 
times.  The non-irrigated stream segment has a width to depth
 
ratio of 2.10 while the irrigated reach averaged a ratio of
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2.14.  Sinuosity is similar for both reaches and  stream
 
segment gradients were  less than  2  percent.  Streambed
 
material is a hard cobble with  a gravel overlay,  lacking
 
permeability.  The floodplain soil is classified at the series
 
level as Damon silty clay loam.  Its is poorly drained, formed
 
in mixed alluvium with a restrictive layer at 100 to 130 cm.
 
Soil profiles were remarkably similar with about 16 cm of A
 
horizon of very dark gray silt loam or light silty clay loam
 
followed by approximately 40 cm of very dark gray clay loam
 
over about 55 cm of dark grayish brown loam to sandy loam.
 
The Damon soil is neutral throughout and is mottled below 66
 
cm.
  Permeability is moderately slow, estimated at 1.5 to 5.0
 
cm/hr.  Available water holding capacity is 18 to 25  cm and
 
effective rooting depths are 75 to 100 cm.  Average summer
 
temperature is 13.8°C and the mean maximum temperature of
 
26.7°C occurs during July and August.  Temperature extremes
 
range from 37.8° to -44.4°C.  The mean annual precipitation is
 
33.2 cm with the majority of it coming in the form of  snow.
 
METHODS AND MATERIALS
 
This case study occurred within a subset of  a larger
 
study which was based upon the description of relationships
 
among environmental and vegetative parameters.  As such, some
 
of the methods used in establishing equipment locations and
 
data gathering are not exclusive to this study.
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Discharge Sites
 
Five permanent discharge sampling sites were established
 
on the stream in May 1995.  Site 1 was located in the non-

irrigated meadow 1314 m upstream from the diversion  dam and
 
Site 2 was established 20 m below the diversion dam. Three
 
sites were located in the irrigated meadow:  Site 3,  486 m
 
downstream from Site 2; Site 4, 107 m downstream from Site 3;
 
and Site 5, 423 m from Site 4.  In addition, two permanent
 
discharge sites were located in the northside irrigation head
 
ditch.  Site 6 was located midway between creek Site 4 and
 
Site 5 while Site 7 was located near creek Site 5.
  At each
 
site stream/ditch cross-section profiles and discharge  were
 
measured every two weeks from June through September.  Channel
 
profiles were constructed through measurement  of  stream
 
surface width and channel depth with depth recorded  every 30
 
cm.  Discharge was recorded using a pygmy style current meter
 
(Gordon et. al. 1992).
 
Depth to Water Table
 
Depth to water table was measured using wells constructed
 
from 3/4" PVC pipe.  The pipe was drilled with 7/64" diameter
 
holes from the bottom to within 6" of the top.  The wells were
 
capped with a 3/4" PVC cap which had a 7/64" hole drilled
 
through the top.
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Well Installation
 
A gas powered auger was used to drill a 5 cm diameter
 
hole into the ground.  One half inch minus gravel was placed
 
in the bottom of the hole to prevent mud from plugging the
 
well.  The well was inserted and one half inch minus gravel
 
was packed around the well to within six inches of the ground
 
surface.  The remaining six inches was packed with clay
 
augured from the hole.
 
Well Location
 
Five transects of four wells each were located in the
 
irrigated meadow at right angles to the flow of the stream.
 
The transects were located on both sides of the stream in an
 
alternate pattern.  The location of the first transect was
 
randomly determined by east vs. west end of the designated
 
stream reach and north vs. south side of the creek.  Using the
 
first transect as  a  reference point the remaining four
 
transects alternate on each side of the creek at  20 m
 
intervals.  Each transect has a reference well located within
 
a horizontal meter of the stream channel  (well "A").  The
 
placement of the remaining three wells in the transect was
 
determined by plant community change and/or distance from the
 
previous well.  If the transect crossed a plant community
 
border,  well  placement was  determined  by  the  following
 
decision process:
 
1.  distance from prior well not to exceed 25 meters.
 
2.  distance from prior well must exceed 8 meters.
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3.	  distance into new plant community to fall within a
 
2 meter minimum and 8 meter maximum.
 
4.	  if the plant community did not change within 25
 
meters of the prior well the next well was placed at
 
15 meters.
 
Due to the close proximity of the northside irrigation ditch,
 
the  fourth well  in the three transects  located on the
 
northside of the creek was placed 2 to 5 m upslope of the
 
ditch.
 
Well Depth
 
The reference well at the creek was placed at a depth of
 
120 cm or the base flow level of the creek, whichever was
 
greater.  Using the reference well as the starting point,
 
ground surface elevation change for the remaining three wells
 
in the transect was determined using standard survey methods.
 
Well depth was calculated for each well based on the reference
 
well  depth plus or minus the change  in ground surface
 
elevation.
 
Measurement Schedule
 
Depth to water table was measured, using a fishing bobber
 
attached to fishing line, every 10 days from May 5, 1995 until
 
irrigation was turned off.  Measurements were taken every 3
 
days from the end of the irrigation season until base level
 
was  reached,  then  the  10  day  rotation  resumed through
 
September 22, 1995.
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Temperature Measurements
 
Thermistors, programmed to record temperature every 36
 
minutes, were placed within well-mixed sections of the creek
 
and the irrigation ditch at each discharge site.  Four wells
 
located on the downslope side of the ditch were randomly
 
chosen as groundwater  (interflow)  temperature sites.  A
 
thermistor programmed to record temperature every 3 hours was
 
placed 70 cm below the ground surface next to each of the four
 
wells.  Additional thermistors recorded air temperature in
 
shaded areas at both the non-irrigated site and the two sites
 
within the irrigated meadow.
 
Statistical Analysis
 
Stream temperature was  divided  into  two  groups  as
 
determined by the end of the spring runoff period.  The
 
temperature data collected during the spring runoff period was
 
assigned to the "early" group and temperature data recorded
 
after runoff ended was designated to the "late" group.  The
 
difference between daily maximum stream temperatures at the
 
non-irrigated and irrigated segments were tested within groups
 
using a two-sample t-test.  The same procedure was repeated
 
for the daily minimum stream temperatures.  In addition, the
 
difference in daily maximum and daily minimum air temperature
 
between the non-irrigated and irrigated segments were tested
 
using a two-sample t-test.
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Temperature Prediction
 
Stream  temperatures,  in  general,  increase  in  the
 
downstream direction (Ward 1985).  In order to predict stream
 
temperature within the irrigated segment under a no irrigation
 
scenario,  TEMP-86,  a stream temperature prediction model
 
developed by Beschta and Westherred (1984), was employed. The
 
model was constructed to predict stream temperature through
 
reaches up to 1 km in length.  Bohle (1994) found the model to
 
be an accurate predictor of average hourly stream temperatures
 
through short 250-m long reaches.  Hourly air and stream
 
temperatures at the non-irrigated stream station were used as
 
initial inputs for the model.  Additional inputs included
 
channel width and depth and channel discharge.  Topographic
 
and vegetative shade angles were assumed to be zero for both
 
the irrigated and non-irrigated stream reaches. The model was
 
used to predict stream temperature at Site 2 using input data
 
from Site 1.  The generated predictions were then used to
 
predict stream temperature at Site 5.
 
RESULTS AND DISCUSSION
 
The diversion of stream water for irrigation began in
 
March, ended in late July and resumed in September.  Spring
 
runoff ended in late July as indicated by the leveling off of
 
the rate of change in stream discharge at the non-irrigated
 
site (Table 2.1)  Diversion dams were removed on July 5th,
 
however, due to high flows a small amount of stream water
 
continued to enter the ditches until late July.  Mid-June flow
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measurements indicated a 0.8 m3/s reduction in flow directly
 
below the dam from 1.68 m3/s to 0.88 m3/s.  However, 486 m
 
downstream of  the dam  flow was  1.38  m3/s  indicating  a
 
substantial return flow from irrigation (Table 2.1).
 
Water table levels in the three "A" wells located on the
 
northside of the creek averaged 23 cm above creek surface on
 
July 5th.  Following irrigation shutoff the water table in the
 
creekside wells dropped an average of 15 cm from July 5th
 
through July 26th.  Water table drop in the "B" wells averaged
 
39 cm, "C" wells 54 cm, and "D" wells 64 cm (Table 2.2).  The
 
relationship overtime between water table depth in the "A"
 
wells and creek surface indicated the importance of irrigation
 
input.  The difference between the creek surface and "A" well
 
water tables expanded from the initial measurement in May
 
reaching a maximum on July 5th the day irrigation ceased.  The
 
increase in the difference between creek surface and "A" well
 
water table depth can be attributed to stream discharge
 
decreasing while irrigation input was held constant.  A
 
reverse in the relationship between water table depth and
 
creek surface occurred after irrigation ceased (Table 2.3).
 
The pattern of stream discharge between sites over time
 
provides further evidence of the importance of irrigation in
 
maintaining stream flow.  Prior to the end of irrigation Site
 
1  (non-irrigated)  discharge exceeded or equaled discharge
 
measurements for Site 3, Site 4 and Site 5 located within the
 
irrigated reach.  However, stream discharge for these three
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Table 2.1.  Stream discharge in cubic meters per second.
 
Date  Site 1  Site 2  Site 3  Site 4  Site 5  Site 6  Site 7
 
6/15/95  1.68  .88  1.38  1.25  1.04  .07  .09
 
6/29/95  1.0  .61  .99  .80  .78  .06  .08
 
7/6/95  .68  .53  .85  .65  .60  -- -­
7/22/95  .27  .26  .46  .41  .35  -­
8/9/95  .39  .17  .30  .30  .26  -- -­
8/22/95  .30  .12  .24  .20  .18  -- -­
Site 1  = discharge station within non-irrigated meadow.
 
Site 2  = discharge station 20 m downstream of diversion dam.
 
Site  3  = discharge station within irrigated meadow.
 
Site 4  = discharge station within irrigated meadow.
 
Site 5  = discharge station within irrigation meadow.
 
Site  6  = discharge station within irrigation ditch.
 
Site 7  = discharge station within irrigation ditch.
 Table 2.2.  Water table height in relation to creek surface (cm). 
I5/6  I  5/23  I  6/14  I  6/29  I  7/5  1  7/6  I  7/9  I  7/13  I  7/20  I  7/23  I  7/26  1  7/31  I  8/9  1  8/24 
Transect 1:  North 
Creek surface  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Well A  10  10  15  20  23  20  17  16  19  17  13  14  10  4 
Well B  46  51  54  61  50  47  37  31  37  29  21  18  14  7 
Well C  73  75  74  80  65  62  46  37  48  35  27  24  16  9 
Well D  82  86  83  91  86  68  54  56  54  40  32  25  19  11 
Transect 3: North 
Creek surface  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Well A  11  10  16  23  17  15  14  14  14  15  2  2  -2  -2 
Well B  52  54  67  72  59  47  43  38  36  29  12  7  -2  -4 
Well C  66  66  75  81  75  60  53  45  44  32  14  7  -6  -10 
Well D  84  84  90  93  85  69  64  57  52  38  17  7  -8  NA 
Transect 5:  North 
Creek surface  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Well A  5  10  17  21  28  27  21  18  14  12  8  6  4  -3 
Well B  28  34  38  742  49  42  36  33  33  26  8  -1  -1  -9 
Well C  48  56  65  67  76  60  53  50  45  33  14  8  4  2 
Well D  64  71  76  79  84  68  61  55  51  34  15  9  5  -11 Table 2.3.  Water table depth adjusted for ground surface elevation change relative to the
 
creek surface.  Irrigation ceased July 5.  Ditch was dry on July 23,  1995.
 
5/23  6/14  6/29  7/5  7/6  7/9  7/13  7/20  7/23  7/28  7/31  8/9 
TRANSECT 1 
CREEK SURFACE 0  0  0 0 0 0  0  0  0 0 0 0 
WELL 1  10  15 20  23 20  17  16  19  17  13  14  10 
WELL 2  51  54  61 50 47 37  31 37  29  21  18  14 
WELL 3  75  74  80  65  82  48 37 48 35 27  24  16 
WELL 4  88  83  91  88  68  54 56  54 40  32  25  19 
TRANSECT 3 
CREEK SURFACE 0  0 0  0  0 0  0  0 0 0  0 0 
WELL 1  11 16 23  17  15  14  14  14  15  2  2  -2 
WELL 2  54  87  72  59 47  43 38 38  29  12  7  -2 
WELL 3  68  75  81  75 80  53  45  44  32  14  7  -6 
WELL 4  84 90  93  85  89  64  57  52 38  17  7  -8 
TRANSECT 5 
CREEK SURFACE 0 0 0 0 0 0  0 0 0 0 0 0 
WELL 1  10 17  21 28 27  21  18  14  12  8  8  4 
WELL 2  34 38 42 49 42 38 33  33  28  8  -1  1 
WELL 3  56  85  67 78 80  53 50  45 33  14  8  4 
WELL 4  71 78  79  84 68  61  55  51 34  15  9  5 
TRANSECT 2 
CREEK SURFACE 0  0  0  0  0  0  0  0  0  0  0 0 
WELL 1  -3  8 10 19 17  8  8  11  10  -8  -4  -5 
WELL 2  6  24  28 39 37  26  27  27  22  -3  2  -6 
WELL 3  14  27 33  44  42 33  31  32 24  -4  -3  -9 
WELL 4  11  30 37 48 47  53  35  37  25  -1  -8  -5 
TRANSECT 4 
CREEK SURFACE 0  0 0 0 0 0 0 0 0 0 0  0 
WELL 1  9 6 9 8 5 7 8 6 5  -1 3 3 
WELL 2  12 23  28  29  24  25  22  27 20  8  -2  -4 
WELL 3  18 30 37 37  34  35  31  31  22  6  -5  -8 
WELL 4  17  29  34 35  31 33  29  28 20  6  3 -8 27 
irrigated  sites  exceeded discharge  for  Site  2,  located
 
directly  below  the  diversion  dam,  which  indicated  the
 
irrigated stream segment was gaining water.  The impact of
 
irrigation recharge on the stream is further demonstrated by
 
the discharge measurements taken after irrigation ceased.
 
Site 1 discharge on July 6 was less than Site 3 discharge and,
 
by July 22, Site 1 discharge was less than all three irrigated
 
meadow sites (Table 2.1).  Water table data for this time
 
period shows a significant drop in the irrigated meadow water
 
table depth with the rate of change leveling off by the end of
 
July.  Water table data for August indicated the stream had
 
changed from significantly effluent to slightly effluent  or
 
neutral  (Table  2.2).  September  water  table  data  was
 
confounded because the depth to water was below the reach of
 
many of the wells, therefore these data were removed from the
 
analysis.
 
Temperature
 
Subsurface water temperature fluctuated less than 3°C on
 
a daily basis.  The spread between daily high and low was less
 
than 0.5°C (Figure 2.1).  The average high air temperature for
 
Site 1 was 22.5°C and the maximum daily high of 31°C occured
 
on  July 28.  The  average  high  air  temperature  for  the
 
irrigated meadow sites was 22.7°C and the maximum daily high
 
of 32°C occured on September 1.  No significant difference in
 
daily high air temperatures was found between the irrigated
 
and non-irrigated meadow sites (t=.24, df=232, P=.80).  Ditch
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Figure 2.1.  Daily maximum and minimum interflow (groundwater) temperature (C°).
  1995.
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water daily high temperature ranged between 7.5 and 20°C with
 
a high temperature average of 14.6°C.  Stream temperature at
 
the non-irrigated and irrigated sites followed a similiar
 
pattern until mid July when a divergence appeared (Figure
 
2.2).  This divergence appears to be related to the end of the
 
spring runoff period.  Daily maximum stream temperatures were
 
1 to 3°C cooler in the irrigated reach than in the  non-

irrigated reach from mid-July through September  (t=-3.9,
 
df=118,  P<0.0001).  Daily low temperatures exhibited the
 
opposite relationship with the irrigated reach ranging from
 
0.5 to 1.7°C warmer than the non-irrigated reach  (t=4.5,
 
df=118, P<0.0001).  No difference in daily minimum or maximum
 
stream temperatures was found in the May through mid-July data
 
(t=1.08, df=112, P=0.28; t=.13, df=112, P=.89).
 
Temperature Prediction
 
August 22 channel profile and discharge data along with
 
daily minimum and maximum stream temperatures at Site 1 were
 
used  as  the  initial  inputs  for  prediction  of  stream
 
temperature at Site 2 by TEMP 86.  The predicted temperature
 
for Site 2 along with discharge data from Site 1 were used to
 
predict stream temperature at Site 5.  A 2.7°C increase  in
 
maximum stream temperature was predicted between Site 1 and
 
Site 5.
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Figure 2.2.  Daily maximum and minimum stream temperature (C°) for the stream segments
 
located within the non-irrigated and irrigated meadow.  1995.
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CONCLUSIONS
 
These results suggest that downstream temperatures were
 
moderated  by  relatively  temperature-constant,  subsurface
 
return  flows generated by irrigation.  If the TEMP  86
 
prediction is accurate the cooling effect of irrigation on
 
stream temperature is greater than observed.  However, further
 
study of ground water movement within the non-irrigated reach
 
is warranted.  Replication of the study across time and space
 
is necessary to confirm this apparent relationship.
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ACROSS THREE MANAGEMENT TREATMENTS
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ABSTRACT
 
Comparison of plant community attributes and forage
 
quality  indicators  under  three  pasture  management
 
alternatives,  in  place  for  at  least  five  years,  were
 
quantified in an Eastern Oregon riparian valley.  The study
 
area was mapped into four distinct plant community types on
 
the basis of dominant graminoids. We measured stubble height,
 
litter, forage production, forage quality, relative species
 
composition, percent bareground and percent relative basal
 
cover of key plant species and life forms.  Results indicated
 
all three management alternatives are sustainable from both a
 
plant community and livestock production perspective.
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INTRODUCTION
 
Riparian areas provide a vital contribution to livestock
 
production in the western United States.  In addition to
 
providing water for domestic livestock, riparian zones provide
 
a substantial amount of high nutrient forage.  Roath and
 
Krueger (1982) stated that while riparian zones account for
 
only two to three percent of rangelands on forested range in
 
northeast Oregon, they provide up to 80 percent of the forage
 
consumed by livestock.
 
Kauffman and Krueger  (1984)  identified four general
 
characteristics of the riparian ecosystem which could be
 
impacted by livestock grazing:  (1) streamside vegetation, (2)
 
stream channel morphology, (3) shape and quality of the water
 
channel, and  (4)  the structure of the soil portion of the
 
streambank.  In addition to these streamside impacts, it has
 
been suggested by Skovlin (1984) that riparian area grazing
 
can affect watershed conditions of cover and soil compaction
 
on the floodplain along with yields of plants, small mammals,
 
and invertebrates.  Blackburn (1983) implied that livestock
 
grazing affects watershed properties by altering plant cover
 
and by the physical action of animal hooves.  A decline in
 
vegetative  cover may  in  turn  increase  raindrop  impact,
 
decrease soil organic matter and soil aggregates, increase
 
surface crusts and decrease water infiltration rates.  These
 
affects may cause increased runoff, increased soil erosion,
 
and decreased soil water content.
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Riparian zones have reacted erratically to the use of
 
traditional upland grazing systems  (Skovlin  1984,  Platts
 
1984).  This erratic response is in part a reflection of the
 
differences in environmental conditions, plant species, and
 
livestock preference for riparian areas.
 
Few guidelines are available on what the allowable use of
 
riparian plant communities should be in order to maintain
 
ecosystem integrity.  It has been suggested by Ratliff and
 
Westfall (1987) that for site protection the herbage remaining
 
after grazing should equal the proportion of production that
 
decomposes annually. Clary and Webster (1989) translated this
 
suggestion into utilization rates of 35 to 45 percent  on
 
excellent condition meadows down to 20 to 30 percent on poor
 
condition meadows.  Elmore (1988) and Bryant (1985) suggested
 
leaving stubble heights of 8 to 10 cm.  In recent years land
 
management agencies have established a variety of forage
 
utilization guidelines for riparian areas.  These generally
 
include residual stubble height or utilization by weight
 
criteria with recommended stubble heights varying from 5 to 20
 
cm (Clary 1995).
 
Studies of various grazing strategies versus complete
 
exclusion of livestock from the riparian zone abound in the
 
literature (Schultz and Leininger 1990, Popolizio et al. 1994,
 
Green and Kauffman 1995).  However, complete exclusion of
 
livestock from privately owned riparian meadows is not often
 
an option.  The objective of this study was to evaluate the
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effect of three distinct management alternatives on the plant
 
communities contained within the riparian meadows.  Treatments
 
included  summer  season  long  grazing,  summer  short
 
duration/rotation grazing and summer haying/fall  aftermath
 
grazing.  It was hypothesized that differences in stubble
 
height, litter, forage production, forage quality,  species
 
composition, percent bareground and percent relative basal
 
cover of key plant species and life forms would indicate if
 
the  different  grazing  strategies  affected  the  plant
 
communities differently.
 
STUDY AREA
 
The study was conducted in Bear and Silvies valleys
 
located in the south central Grant County, Oregon.  Grant
 
County, situated in the Central Blue Mountains of east-central
 
Oregon, lies between 44° and 45° north latitude and 118° and
 
120° west longitude.  Valley floor elevation ranges from 1387
 
to 1440 m.  Climate is characterized by cold winters, moderate
 
summers and low precipitation.  The 30 year average summer
 
temperature in Bear Valley is 13.8°C and the mean maximum
 
temperature of 26.7°C occurs during July and August.  Average
 
winter temperature is -4.87°C with the mean minimum of -13.1°C
 
occurring in January.  Temperature extremes range from 37.8 to
 
-44.4°C.  The mean annual precipitation is 33.2 cm and occurs
 
primarily from November through June with the majority of it
 
coming in the form of snow.  Mean annual snowfall is 161.8 cm
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(Table 3.1).  Silvies Valley does not have a weather station,
 
however, its climate is slightly milder and drier.
 
The Silvies River flows from north to south separating
 
Bear and Silvies valleys in half.  Bear Valley is further
 
divided by Scotty Creek, a second-order stream, flowing from
 
the west and Bear Creek, a third-order stream, flowing from
 
the east.  Both these streams join the Silvies River near the
 
south central portion of Bear Valley.  The valley floors are
 
wide and unconstrained with slopes of less than 2 percent.
 
The valleys soils are classified at the series level as
 
Damon silty clay loam and Silvies silty clay loam.  These two
 
soils are quite similar with the Silvies soil exhibiting a
 
slightly higher clay content.  They are poorly drained, formed
 
in mixed alluvium with a restrictive layer at 100 to 130  cm.
 
The typical profile is a black (moist) clay for 120 cm with
 
neutral ph (Silvies) and black (moist) silty clay loam about
 
46 cm then very dark grayish brown (moist) silty clay loam
 
about 51 cm thick with a substratum of very dark grayish brown
 
silt loam to 127 cm or more  (Damon).  The Damon soil is
 
neutral throughout and is mottled below 66 cm.  Permeability
 
for both soils is moderately slow, estimated at 1.5 to 5.0
 
cm/hr.  Available water holding capacity is 18 to 25 cm and
 
effective rooting depths are 75 to 100 cm.
 
The SCS Range Site guide for the John Day Land Resource
 
Area (1965) classified the riparian portion of these valleys
 
as wet and semi-wet mountain meadows.  The "original" semi-wet
 Table 3.1.  Climatological data for Seneca, OR, 1961-1990. 
IJan  I  Feb  I  Mar  I  Apr  I  May  I  Jun  I  Jul  1  Aug  I  Sep  1  Oct  I  Nov  1  Dec  1  Ann 
Mean temperature (C) 
Maximum  0.69  3.71  6.82  11.39  16.12  21.36  26.88  26.68  21.33  15.29  6.48  1.29  13.25 
Minimum  -13.13  -10.38  -6.81  -3.97  -0.64  2.44  3.16  2.03  -2.43  -6.02  -6.97  -11.39  -4.51 
Mean  -6.22  -3.34  0.00  3.71  7.75  11.88  15.03  14.36  9.52  4.64  -0.24  -5.05  4.31 
Extreme temperature 
Maximum  12.22  16.11  21.11  27.22  31.11  35.00  35.56  37.78  35.00  31.67  20.56  17.22  37.78 
Minimum  -40.56  -44.44  -26.67  -15.00  -11.11  -8.33  -6.11  -7.22  -114.44  -20.56  -35.00  -44.44  -44.44 
Precipitation (cm 
Monthly mean  I  3.27  I  2.62  I  2.97  i  2.51  i  3.40  I  2.82  I  1.40  I  2.21  1  1.65  I  2.24  I  3.78  I_  4.24  I  33.15 
Snowfall (cm) 
Monthly mean  I  29.41  I  24.05  19.69  1  7.47  I  2.49  i  0.13  _I  0.00  I  0.00  I  0.00  I  2.95  I  20.01  I  42.24  1  161.82 40 
meadow herbaceous component is described as being composed of
 
25% redtop (Agrostis alba), 15% tufted hairgrass (Deschampsia
 
caespitosa),  10%  each  slender  wheatgrass  (Agropyron
 
trachycaulum), sod-forming bluegrasses (Poa pratensis and P.
 
sandbergii), and meadow rushes (Juncus spp.).  Perennial forbs
 
such as cinquefoil (Potentilla gracilis), yarrow (Achillea
 
millefolium), aster (Aster occidentalis), geranium (Geranium
 
spp.),  buttercup  (Ranunculus  spp.),  dandelion  (Taraxacum
 
officinale), cow clover (Trifolium involucratum), and vetch
 
(Vicia americana) make up approximately 10%.
 
The wet meadow herbaceous plant community has a similar
 
diversity,  but  a  different  composition.  The  "typical"
 
original plant community was 30% tufted hairgrass, 10% each
 
Nevada bluegrass (Poa nevadensis), redtop and meadow sedges
 
(Carex spp.), 30% other grasses, sedges and rushes.  Perennial
 
forbs such  as  cow clover,  cinquefoil,  aster,  buttercup,
 
strawberry (Frageria spp.), avens (Geum campanulatum), and
 
groundsel (Senecio spp.) add another 10%.  Both of these plant
 
communites are tolerant of low temperatures.
 
A mosaic of private family-owned livestock ranches cover
 
the valley floor within Bear and Silvies valleys, bordered by
 
the surrounding Malheur National Forest.  Cattle production is
 
the primary economic enterprise.  Privately owned riparian
 
pastures are irrigated to increase production of native and
 
seeded grasses.  Many meadows are hayed in late July for
 
supplemental winter livestock feed.
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METHODS
 
Management Treatments
 
Summer season-long (SSL), summer short duration/rotation
 
(SSD), and summer haying/fall aftermath grazing (FSD) were
 
three treatments compared in this study.  All three treatments
 
had been in place for > 5 years prior to the study.  Four
 
replicated areas were provided for each treatment.  The SSL
 
treatment had two replications in riparian meadows associated
 
with Scotty Creek with the additional two on Bear Creek.  The
 
SSD treatment had two replications in riparian meadows along
 
the Silvies River and two on Scotty Creek.  The FSD treatment
 
had all four replications located within riparian meadows
 
associated with Bear Creek.  Stocking density averaged 80 AU
 
days/ha for the SSL treatment, 37.50 AU days/ha for the SSD
 
treatment, and 42.5 AU days/ha for the FSD treatment.
 
Plant Community Designation
 
Treatment effects were assessed at the plant community
 
level, therefore, the study area was mapped by community type.
 
Initial reconnaissance of the study area indicated that four
 
major plant community types could be identified on the basis
 
of  dominant  graminoids.  These  four  plant  communities
 
consisted of the following:
 
1.  Wet Carex spp./Deschampsia community dominated by
 
Nebraska sedge (Carex nebraskensis), beaked sedge
 
(Carex rostrata), Baltic rush (Juncus balticus),
 
tufted hairgrass and sloughgrass (Beckmannia
 
syzigachne), also present were Kentucky bluegrass,
 
timothy (Phleum pratensis) , meadow foxtail (Alopecurus
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pratensis), clover, annual and perennial forbs, and
 
other grasses, sedges, and rushes.
 
2.	  Moist Alopecurus pratensis community strongly
 
dominated by the non-native meadow foxtail, also
 
present were timothy, Kentucky bluegrass, tufted
 
hairgrass, Nebraska sedge, Beaked sedge, Baltic
 
rush, cinquefoil, and other grasses, sedges, rushes
 
and forbs.
 
3.	  Moist Poa pratensis community dominated by
 
Kentucky bluegrass, also present were timothy, smooth
 
brome (Bromus inermis), meadow foxtail, cinquefoil,
 
dandelion, yarrow, clover, sedges, rushes, annual and
 
perennial forbs, other grasses and silver sagebrush
 
(Artemisia cana).
 
4.  Dry Poa pratensis community dominated by Kentucky
 
bluegrass, also present were smooth brome, junegrass
 
(Koleria pyramidata), sandbergs bluegrass, Idaho
 
fescue (Festuca idahoensis), squirreltail (Sitanion
 
hystrix), wheatgrass, meadow foxtail, pussytoes
 
(Antennaria spp.), cinquefoil, yarrow, lupine,
 
strawberry, dandelion, clover, buckwheat (Eriogonum
 
spp.), green rabbitbrush (Chrysothamnus
 
viscidiflorus), mountain big sagebrush (Artemisia
 
tridentata ssp. vaseyana), sedges, rushes, and other
 
forbs and grasses.
 
Field Sampling
 
Cover and Species Composition
 
Point sampling using the point line intercept method as
 
describe by Pieper (1973) was used to estimate basal cover
 
species composition,  litter,  and bareground.  Five 15 m
 
transects, with points every 15 cm, were randomly located
 
within each plant community within each replication area.
 
Determinations were made in mid-June 1994 and mid-June 1995.
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Forage Production and Quality
 
In March 1994, prior to cattle entering the meadows, 8 m
 
by  8  m exclosures were erected within the SSL and SSD
 
treatments.  One exclosure per plant community per replication
 
was randomly located and constructed.  The FSD treatment did
 
not require exclosures.  At peak standing crop 5 m by 5 m
 
plots, centered in the exclosures where present, were clipped
 
to a 2.5 cm stubble height.  Forage was wet weighed in the
 
field and a random sample from each plot was bagged, weighed,
 
dried at 50°C for 48 hours and reweighed.  Dried samples were
 
analyzed for acid detergent fiber (ADF), in vitro digestion of
 
dry matter (IVDMD), and crude protein (CP)  (Van Soest 1967).
 
Stubble Height
 
Stubble height measurements were taken, after the grazing
 
season, using the point line transect method.  Six 30 m point
 
transects were randomly located in each plant community within
 
each replication.  Stubble height, to the nearest 0.5 cm, of
 
the closest graminoid was measured every 100 cm along each
 
transect.  In 1994, the FSD treatment was under approximately
 
30 cm of snow during the stubble height sampling period.
 
Thus, stubble height was measured by removing the snow in 1 m
 
by 0.5 m plots and two random measurements were taken per
 
plot.  Ten plots per plant community were measured.
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Statistical Analysis
 
Treatment Level
 
Percent basal cover by dominant plant species and life
 
forms, percent bareground, forage production, forage quality
 
indicators, and stubble height were analyzed within plant
 
communities and year using an unbalanced nested analysis of
 
variance  (ANOVA)  to determine treatment differences  (SAS
 
1994).  The experimental  design was balanced through the
 
replication level, however, unbalance occurred at the plant
 
community level.  Four replications were nested within each
 
treatment.  Replication within treatment mean square was
 
chosen  as  the  appropriate  error  term  for  testing  the
 
significance  of  treatment  differences.  This  procedure
 
simulated an experiment where treatments and replications were
 
randomly located, even though such random selection was not
 
possible.  Analysis of variance tables are presented in
 
Appendix I.
 
All plant species with sparse distributions were not
 
analyzed statistically.  However, the relative percent basal
 
cover of forbs, grasses, mosses, rushes/sedges, and shrubs
 
were analyzed.
 
A pair-wise comparison of means was applied to individual
 
species basal cover, life form basal cover, forage production,
 
forage quality indicators, bareground, litter, and stubble
 
heights when F-tests were significant at the 0.10 level.  This
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procedure  was  used  to  determine  if  treatments  were
 
significantly different from each other within years.
 
Plant Community Level
 
Stubble height,  forage production and forage quality
 
between plant communities within years and across years was
 
analyzed  independent  of  treatment.  Thirteen  locations
 
(replications) were included in the analysis.  The design was
 
blocked by location and a mixed model ANOVA was used to
 
determine within year differences (SAS 1994). A nested ANOVA,
 
with year nested within plant community was used to identify
 
between year differences when no significant year interaction
 
occurred.  Analysis of variance tables are presented in
 
Appendix 1.
 
The pair-wise mean comparison method was applied to
 
forage production (kg/ha), CP, ADF, and IVDMD means when F-

tests were significant at the 0.10 level.  This allowed
 
identification of production and quality indicators that were
 
significantly different across plant communities.  Between
 
year comparisons were made when F-tests of the year nested
 
within plant community component of the model was significant
 
at the 0.10 level.
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RESULTS AND DISCUSSION
 
Annual precipitation for 1994 was 21.23 cm,  11.92 cm
 
below the 30 year average and the mean maximum temperature was
 
1°C warmer (Table 3.2).  Annual precipitation for 1995 was
 
45.68 cm,  12.53 cm  above the  30 year average (Table 3.3).
 
Both years are representative of the extreme ends of the
 
precipitation history for Bear and Silvies Valleys.  This
 
large variance in precipitation over the two years of the
 
project provided an opportunity to study the response of the
 
vegetative communities to management under vastly different
 
environmental  conditions.  Stocking densities were held
 
relatively constant for both years.  Stocking density for the
 
SSD treatment varied between 34 and 39 AU days/ha while the
 
FSD treatment varied between 37 and 48 AU days/ha.  The SSL
 
treatment remained constant at 80 AU days/ha.
 
Forage Production
 
Forage production for the four community types found
 
within the study area are illustrated in Table 3.4.  Pairwise
 
analysis of plant community means within years found the dry
 
bluegrass community produced significantly less biomass than
 
the moist bluegrass community (p=0.057), the moist meadow
 
foxtail community (p<0.0001) and the wet community (p<0.0001)  .
 
The same results were observed between the moist bluegrass
 
meadow and the meadow foxtail and wet communities.  The moist
 
bluegrass community produced an average of 2568 kg/ha in 1994
 Table 3.2.  Climatological data for Seneca, OR, 1994.
 
IJan  I  Feb  I  Mar  I  Apr  I  May  I  Jun  1  Jul  I  Aug  I  Sep  I  Oct  I  Nov  I  Dec  I  Ann 
Mean temperature (C) 
Maximum  4.77  3.81  11.22  12.72  17.44  21.63  28.91  28.87  24.61  14.07  1.39  1.74  14.2 
Minimum  -7.88  -9.54  -6-56  -1.98  1.02  1.29  3.37  1.24  -2.21  -6.72  -10.63  -11.42  -4.
 
Mean  -1.56  -2.87  2.33  5.37  9.23  11.46  16.14  15.06  11.20  3.68  -4.62  -4.84  5.0
 
Extreme temperature
 
Maximum  12.22  7.22  21.11  25.0  26.67  31.11  35.56  33.89  30.56  22.78  14.44  13.89  35.
 
Minimum  -17.22  -20.0  -11.67  -8.33  -7.22  -5.56  -3.89  -5.0  -7.22  -15.0  -26.67  -23.89  -24
 
Precipitation (cm)
 
Monthly mean  1.68  1.93  1.12  2.79  3.89  1.09  .20  .25  .43  1.42  3.00  3.43  21.
 Table 3.3.  Climatological data for Seneca, OR, 1995. 
Jan 
Mean temperature (C) 
Maximum  3.01 
Minimum  -6.08 
Mean  -1.53 
I  Feb 
8.95 
-5.08 
1.94 
Mar 
6.86 
-4.59 
1.14 
Apr 
10.0 
-2.74 
3.63 
May 
15.25 
.57 
7.91 
Jun 
19.28 
2.54 
10.91 
Jul 
25.89 
4.19 
15.04 
Aug 
25.57 
-0.34 
12.62 
Sep 
23.57 
-1.54 
11.02 
Oct 
14.21 
-5.48 
4.36 
Nov 
8.79 
-3.59 
2.50 
Dec* 
1.29 
-11.39 
-5.05 
Ann 
13.5 
-2.7 
5.3 
Extreme temperature 
Maximum  12.22 
Minimum  -17.22 
7.22 
-20.0 
21.11 
-11.67 
25.0 
-8.33 
26.67 
-7.22 
31.11 
-5.56 
35.56 
-3.89 
33.89 
-5.0 
30.56 
-7.22 
22.78 
-15.0 
14.44 
-26.67 
NA 
NA 
35.5 
Precipitation (cm) 
Monthly mean  7.98  1.73  8.74  4.72  2.74  4.42  1.78  1.63  .84  1.55  5.31  4.24  45.6 
* December values not available at press time.  Thirty year averages were used. 49 
and 3146 kg/ha in 1995 significantly less than the moistmeadow
 
foxtail community (p=0.006) and the wet community (p=0.012).
 
The meadow foxtail community produced an average of 5938 kg/ha
 
in 1994 and 7268 kg/ha in 1995 while the wet community
 
averaged 5265 and 6725 kg/ha respectively.
 
Table 3.4.  Average forage production on a dry-matter basis by
 
plant community and year (kg/ha).
 
1994  1995 
Moist bluegrass  2568  3146 
Moist meadow foxtail  5938  7447 
Wet meadow  5265  6588 
Dry bluegrass  916  1161 
All four plant communities appeared to respond to the
 
above  normal  precipitation  in  1995  through  increased
 
production.  However, only the moist meadow foxtail (p=0.020)
 
and the wet community (p=0.052) showed a significant increase
 
over 1994.
 
Treatment effects were analyzed within plant communities
 
by year.  The wet plant community was removed from this
 
analysis due to lack of replication across treatments.  Forage
 
production by plant community, treatment and year is presented
 
in Table 3.5.
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Table 3.5.  Average forage production by plant community,
 
treatment, and year (Kg/ha, dry matter basis).
 
Moist Bluegrass  Moist Meadow Foxtail  Dry Bluegrass
 
SSL  SSD  FSD  SSL  SSD  FSD  SSL  SSD  FSD
 
1994  2795  2243  2600  4900  6571  6660  1488  671  778
 
1995  3148  3069  3245  5995  9659  7414  1447  1277  855
 
Significant treatment differences for production within
 
the moist bluegrass community were found between the SSL and
 
SSD treatments and between the SSD and FSD treatments in 1994.
 
Forage production in the SSD treatment averaged 600 kg/ha less
 
than the SSL and 500 kg/ha less than the FSD treatments.  The
 
difference in production within the SSD treatment may be more
 
a reflection of soil moisture content than grazing treatment.
 
The above normal precipitation in 1995 allowed the managers of
 
the SSD treatment to irrigate the moist bluegrass meadows well
 
into the growing season.  Irrigation of these meadows did not
 
occur in the SSD treatment in 1994, however, the FSD and SSL
 
moist bluegrass meadows received some irrigation in 1994.
 
Average gravimetric soil moisture for mid-June 1994 at 30 cm
 
depth was  30%,  37%,  and 42%  for the SSD,  FSD,  and SSL
 
treatments respectively.  In 1995, soil moisture at 30 cm
 
depth was 45%,  45%, and 49% with no significant treatment
 
differences in forage production.
 
Significant  treatment  differences  within  the  dry
 
bluegrass community were also noted in 1994.  SSL treatment
 
produced  significantly more  forage than  the  SSD  or  FSD
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treatments (p=0.009, p=0.023).  Soil moisture averages for
 
mid-June were 23%, 24%, and 27% for the SSL, SSD, and FSD
 
treatments respectively.  Although soil moisture does not
 
appear to explain the difference in production the sampling
 
date may have occurred too late in the dry bluegrass community
 
growing season to be relevant.  The SSL dry bluegrass meadows
 
are located nearer an irrigation input than the SSD and FSD
 
dry bluegrass meadows.  In 1995 the above normal precipitation
 
allowed for some irrigation of the SSD dry bluegrass meadows.
 
The FSD dry bluegrass communities are all located upslope of
 
irrigation ditches.  In late May 1995 soil moisture at 30 cm
 
depth was 42%,  35%,  and 31%  for the SSL,  SSD,  and FSD
 
treatments respectively.  By mid-June the percentages had
 
declined to 34%, 30%, and 27%, with the FSD treatment soil
 
moisture equalling its 1994 level for the same time period.
 
The SSL and SSD treatments soil moisture amounts exceeded
 
their  1994  levels  which  may  have  contributed  to  the
 
significant treatment differences seen between the SSL and FSD
 
(p=0.001) and the SSD and FSD treatments (p=0.003).
 
Significant treatment differences occurred in the moist
 
meadow foxtail community between SSL and SSD treatments in
 
1995 (p=0.044).  The tremendous increase in production in the
 
SSD treatment between 1994 and 1995 may have been the result
 
of overburden removal within the exclosures.  The relative
 
frequency of litter outside the exclosures was 10% greater in
 
the SSD treatment than the SSL treatment in 1994.
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Forage Quality
 
Crude protein, acid detergent fiber (ADF) and digestible
 
dry matter (IVDMD) by plant community and year are reported in
 
Table 3.6 on a dry-matter basis.  Crude protein content, in
 
1994, was significantly higher in the moist meadow foxtail
 
community when compared to the moist bluegrass community
 
(p=0.031),  wet  community  (p=0.068),  and  dry  bluegrass
 
community (p=0.012).  This relationship reversed in 1995 with
 
the moist bluegrass and dry bluegrass communities crude
 
protein content exceeding the moist meadow foxtail (p=0.015,
 
p=0.038), and wet community (p=0.007, p=0.014). A significant
 
year interaction effect indicated the impact of increased
 
moisture (p=0.0002).  Crude protein content in the moist
 
bluegrass community increased over 1% while the dry bluegrass
 
community  increased  1.7%  across  years.  Increased  soil
 
moisture in 1995 extended the growing season impacting plant
 
phenology at time of sampling.  The lower crude protein
 
content of the moist meadow foxtail forage may be attributable
 
to the increase in growth noted in 1995.  Crude protein
 
content of the wet community remained relatively level between
 
1994 and 1995.
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Table 3.6.  Average crude protein, acid-detergent fiber and
 
in-vitro dry matter digestibility on a dry-matter basis by
 
plant community and year.
 
Moist Bluegrass  Meadow Foxtail  Wet Meadow  Dry Bluegrass 
1994  1995  1994  1995  1994  1995  1994  1995 
Crude protein  8.01  9.24  8.38  7.27  7.75  7.42  7.73  9.46 
ADF  35.65  36.81  38.47  38.59  37.72  36.91  38.41  38.25 
IVDMD  60.51  61.35  59.33  53.69  58.86  55.44  57.14  57.07 
IVDMD was significantly higher, in 1994, in the moist
 
bluegrass community than the wet community (p=0.009) and the
 
dry bluegrass community (p=0.007). No significant differences
 
were found in 1995, however, both the moist meadow foxtail and
 
the  wet  community had lower in  IVDMD  in  1995.
 
Comparisons across years were not made due to a significant
 
year interaction (p=0.054).
 
ADF was significantly lower  in the moist bluegrass
 
community in 1994 than the moist meadow foxtail community
 
(p=0.034), the wet community (p=0.050), and the dry bluegrass
 
community (p=0.036)  No significant differences were found
 .
 
among the plant communities in 1995.  Analysis across years
 
was also insignificant.
 
Stubble Height
 
Stubble height averages by treatment, plant community, and
 
year are provided in Table 3.7.  Stubble height did not vary
 
significantly among treatments within the moist bluegrass
 
community for 1994 or 1995 or among treatments within the dry
 
bluegrass community.  There were significant treatment
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differences within the moist meadow foxtail community within
 
both 1994 and 1995.  Stubble height was significantly less in
 
the FSD treatment than in the SSL treatment in 1994 (p=0.010),
 
however, the 1995 difference was found insignificant.  The SSD
 
treatment stubble height in the moist meadow foxtail community
 
was significantly greater than the stubble height in the FSD
 
treatment for both 1994 and 1995 (p=0.010, p=0.036).  This
 
result is directly attributable to the haying component
 
contained within the FSD treatment.
 
Table 3.7.  Average stubble height (cm) by plant community,
 
treatment, and year.
 
Moist Bluegrass  Moist Meadow Foxtail  Dry Bluegrass
 
SSL  SSD  FSD  SSL  SSD  FSD  SSL  SSD  FSD
 
1994  12.5  8.5  7.5  43.5  43.0  8.0  11.5  11.5  - - -­
1995  10.0  10.5  9.0  28.0  53.0  8.0  11.0  12.0  13.0
 
Stubble height averages by plant community and year are
 
presented in Table 3.8.  There were significant differences
 
in stubble  height,  in  both 1994  and  1995,  among  the
 
moist  bluegrass  and  moist  meadow  foxtail  communities
 
(p=0.010, p=0.003), and between the moist bluegrass and wet
 
communities (p=0.069, p=0.025). Significant differences also
 
occurred between the moist meadow foxtail and dry bluegrass
 
communites for 1994 and 1995 (p=0.033, p=0.049).
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Table 3.8.  Average stubble height (cm) by plant community
 
and year.
 
Moist  Moist  Wet  Dry
 
Bluegrass  Meadow  Meadow  Bluegras
 
Foxtail  s
 
1994  9.5  25.5  14.0  11.5
 
1995  10.0  36.0  25.0  12.0
 
Although part of this difference is attributable to the
 
morphological characteristics of the dominant graminoids in
 
each community certainly a portion of the difference should
 
be allocated to livestock preference.  Both the dry bluegrass
 
and moist bluegrass communites are dominated by Kentucky
 
bluegrass a preferred livestock forage.  Observation of
 
livestock behavior in the SSL and SSD meadows suggests the
 
moist meadow foxtail community is utilized primarily for
 
bedding while the bluegrass communities are preferred for
 
grazing.  Livestock appeared to use the meadow foxtail
 
communities within the FSD treatment more frequently.  This
 
observation may be explained by the removal of litter build
 
up through the haying process.
 
Bareground, Litter and Basal Cover
 
Moist Bluegrass Community
 
There were no significant differences among treatments
 
in 1994 and 1995 for bareground, litter, basal cover of
 
Kentucky bluegrass, and total grass.  Basal cover of forbs
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in 1995 was 11.8, 6.2, and 6.5 percent for the SSD, FSD and
 
SSL  treatments  respectively.  The  SSD  treatment  had 
significantly more basal  cover  of  forbs  than  the  SSL 
treatment (p=0.004) and the FSD treatment (p=0.021).  The 
1994 basal cover of forbs displayed a similar relationship
 
with 13.7, 7.9, and 6.5 percent for the SSD, SSL, and FSD
 
treatments respectively, however, no significant differences
 
were observed. Total basal cover was significantly different
 
among treatments in 1995 with SSD having greater basal cover
 
than the SSL (p=0.0002) and FSD (p=0.004).  This difference
 
is  attributable to  the greater  forb cover  in the SSD
 
treatment.
 
Moist Meadow Foxtail Community
 
Basal cover of meadow foxtail, tufted hairgrass, forbs,
 
moss, and total grass was not different among treatments in
 
1994 and 1995.  There were no significant differences among
 
treatments in 1994 and 1995 for bareground, and total basal
 
cover.
 
Litter cover was significantly less in the FSD treatment
 
in 1995 as compared to the SSL  (p=0.054)  and the SSD
 
(p=0.040)  treatments.  This is attributal to the haying
 
component of the FSD treatment.
 
Basal cover of sedges and rushes was also significantly
 
greater in the FSD treatment in  1995 than in the SSL
 
(p=0.038) and SSD (p=0.007).  The increase in sedge cover may
 
be in response to the above normal precipitation year which
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allowed an extension of the irrigation season.  The FSD moist
 
meadow foxtail meadows are managed for the production of hay,
 
therefore, they are actively irrigated.
 
Dry Bluegrass Community
 
There were no significant differences among treatments
 
for bareground, litter, basal cover of Kentucky bluegrass,
 
forbs, total basal cover, and total grass for 1994 and 1995.
 
SUMMARY
 
The moist meadow foxtail community was by far the most
 
productive of the plant communities found within these
 
riparian meadows.  Forage quality as measured by crude
 
protein content was higher within the dry and moist bluegrass
 
communities, however, all plant community types had CP levels
 
greater than 7%.  The NRC (1984) nutrient requirement guide
 
for  550  kg cows  in the second trimester of pregnancy
 
indicates that cattle require forage containing approximately
 
1.76 Mcal/Kg dry matter and 7% crude protein.  According to
 
Korpela (1992) this translates into an in vitro dry matter
 
digestibility  level  of  approximately  52%.  All  plant
 
community types, during June, were within these guidelines
 
for IVDMD.
 
Treatment differences as expressed through bareground,
 
litter, and relative basal cover of key species and life form
 
groups were essentially non-existent.  The difference in
 
percent basal cover of forbs within the moist bluegrass
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community,  however,  may be treatment induced.  The SSD
 
treatment, where grazing occurs for two weeks in May, two to
 
three weeks in late June and early July, and again in late
 
August and  early September,  may provide  a  competitive
 
advantage to the forb component through herbivory of grasses.
 
The SSL treatment where livestock enter the meadows the first
 
of June and are not removed until late August may subject
 
forbs to grazing pressure not realized in the SSD treatment.
 
The FSD treatment, where livestock graze hay aftermath, may
 
provide a competitive advantage to the grass component over
 
the forb component.  Further research into this possible
 
treatment effect is needed if conclusions are to be made.
 
Livestock production within these riparian meadows
 
appears to be sustainable from both the plant community and
 
the livestock production perspective.  However, streambank
 
integrity  and  vegetation,  and  willow  herbivory  and
 
regeneration are additional riparian attributes which should
 
be addressed before sustainability at the ecosystem level can
 
be determined.
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ABSTRACT
 
Water table levels within an irrigated eastern Oregon
 
riparian valley were monitored for two consecutive summers.
 
The study area was mapped into four distinct plant community
 
types on the basis of dominant graminoids. We measured water
 
table  level,  soil  moisture  content,  relative  species
 
composition, aboveground biomass, litter, percent bareground
 
and percent relative basal cover of key plant species and
 
life forms.  The impact of irrigation on water table depth
 
was determined.  Relationships between water table levels,
 
soil moisture content and plant communities were analyzed.
 
The four plant communities contained within this study area
 
were segregated on the basis of soil moisture content and/or
 
depth to water table during the growing season.  Vegetation
 
states and transition zones based on soil moisture content
 
and/or water table depth were determined.
 
The naturally limited riparian zone was estimated from
 
meadow water table profiles.  Removal of irrigation would
 
shrink the riparian meadow from widths in excess of 300 m to
 
less than 60 m.
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INTRODUCTION
 
Clements (1916) described succession as a universal,
 
orderly process of progressive change.  He postulated that
 
the community developed from diverse pioneer stages to
 
converge on a single, persistent climax community controlled
 
by the regional climate.  Clementsian climax theory was
 
further formalized by Dyksterhuis (1949) who applied the
 
climax concept in the development of a systematic method for
 
determining condition and trend of rangeland vegetation. The
 
quantitative climax approach of Dyksterhuis (1949) assumes
 
a rangeland has a single persistent state in the absence of
 
grazing.  The model functions on the assumption that range
 
condition can be modified continuously and reversibly along
 
the linear continuum expressed by the inverse relationship
 
between grazing pressure and range condition.
 
An important criterion of the applicability of a model
 
or theory is its ability to predict the consequences of man's
 
actions with acceptable precision over timescales relevant
 
to management.  After 40 years of applying the climax based
 
model to rangeland management its predictive capabilities
 
have come under serious scrutiny.  The inability of the model
 
to handle multiple vectors of change (climatic variation,
 
fire, plant introduction, grazing)  have led some ecologists
 
to abandon the model completely (Wilson 1984).  Traditional
 
theories of plant succession leading to a single equilibrium
 
community have been found to be scientifically inadequate for
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semi-arid and arid  rangeland ecosystems  (Westoby  1980;
 
Anderson 1986; Foran, Bastin and Shaw 1986; Laycock 1991).
 
The recognition of this inadequacy has generated a search for
 
an alternative theory that more adequately reflects the
 
dynamics  of  rangeland  ecosystems.  Theories  involving
 
multiple steady states, and state-and-transition processes
 
are gaining in acceptance.
 
Westoby et. al.  (1989) proposed the use of a state-and
 
transition model  as  the basis  for describing rangeland
 
dynamics.  A state is defined as an alternative, persistent
 
vegetation community which is not simply reversible in the
 
linear successional framework.  Transitions between states
 
are triggered by natural events (e.g., weather or fire) or
 
by management actions.  Transitions may occur very quickly,
 
as in the case of fire, or slowly over an extended period of
 
time  as  in  the  case  of  a  shift  in weather patterns.
 
Regardless of the rate of change, the system does not come
 
to rest halfway through a transition (Westoby, Walker and
 
Noy-Meir  1989).  Transitions  are  also  referred  to  as
 
thresholds  (Friedel  1991).  Friedel  suggests  that
 
environmental change can be discontinuous, with thresholds
 
between alternative new states  of  species assemblages.
 
Thresholds have two important characteristics: first is the
 
boundary in space and time between two states; and second,
 
the initial shift across the boundary is not reversible on
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a practical time scale without significant inputs of capital,
 
energy and time.
 
The ecological literature is rich with examples of
 
apparent thresholds in arid and semi-arid plant communities
 
(Archer  and  Smeins  1991;  Friedel  1991;  Laycock  1991),
 
however, the literature is void of the applicability of
 
threshold theory in riparian areas contained within the arid
 
and semi-arid rangelands of the world.  While riparian zones
 
constitute only a small fraction (2-3 percent) of the areal
 
extent of rangelands in the eleven western United States,
 
they provide a disproportionate amount of the forage consumed
 
by livestock and are vital for the support of fish and
 
wildlife.  Given  the  importance  of  riparian  zones  to
 
livestock production as well as fish and wildlife habitat it
 
is critical that proposed successional models be tested for
 
accuracy in the prediction of riparian vegetation response
 
to management.
 
Riparian zones are areas adjacent to streams or rivers
 
where the vegetation is significantly influenced by the
 
presence of water.  In arid areas where there are extended
 
dry periods the availability of soil water is critical in the
 
determination of the composition of the plant community.
 
Depth to the water table may play an important role in
 
determining soil moisture content through the movement of
 
moisture upward through the soil profile (Jury et.al. 1991)
 
thus providing moisture for plant growth.  In addition, depth
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to the water table may influence plant growth,  either
 
positively or negatively, when plants are rooted within the
 
water table (Teskey and Hinckley 1977).  Stream channels and
 
water tables are intimately linked.  In areas where there is
 
considerable  recharge  of  groundwater  throughout  the
 
catchment, the water table slopes toward rivers that gain
 
water.  In more arid areas where there is little or no direct
 
recharge from the catchment the water table lies below the
 
riverbed (Dunne and Leopold 1978).
 
The diversion of streamflow for irrigation of riparian
 
meadows is a management process common in many arid areas of
 
the  world.  Irrigated  riparian  meadows  provide  the
 
opportunity  to  investigate  the  linkages  between  the
 
irrigation process and groundwater levels, soil moisture,
 
vegetative biomass, and species composition.
 
Determination of these physical linkages provide the
 
necessary components for testing the accuracy of state-and­
transition theory within riparian zones.
 
STUDY AREA
 
The study was conducted in Bear and Silvies valleys
 
located in south central Grant County, Oregon.  Grant County,
 
situated in the Central  Blue Mountains of east-central
 
Oregon, lies between 44° and 45° north latitude and 118° and
 
120° west longitude. Valley floor elevation ranges from 1387
 
to 1440  m.  Climate is characterized by cold winters,
 
moderate summers and low precipitation.  The 30 year average
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summer temperature in Bear Valley is 13.8°C and the mean
 
maximum temperature of 26.7°C occurs during July and August.
 
Average winter temperature is -4.87°C with the mean minimum
 
of -13.1°C occurring in January.  Temperature extremes range
 
from 37.8 to -44.4°C.  The mean annual precipitation is 33.2
 
cm and occurs primarily from November through June with the
 
majority of it coming in the form of snow.  Mean annual
 
snowfall is 161.8 cm (Table 4.1).  Silvies Valley does not
 
have a weather station, however, its climate is slightly
 
milder and drier.
 
The Silvies River flows from north to south separating
 
Bear and Silvies valleys in half.  Bear Valley is further
 
divided by Scotty Creek, a second-order stream, flowing from
 
the west and Bear Creek, a third-order stream, flowing from
 
the east.  Both these streams join the Silvies River near the
 
south central portion of Bear Valley.  The valley floors are
 
wide and unconstrained with slopes of less than 2 percent.
 
The valleys soils are classified at the series level as
 
Damon silty clay loam and Silvies silty clay loam.  These two
 
soils are quite similar with the Silvies soil exhibiting a
 
slightly high clay content.  They are poorly drained, formed
 
in mixed alluvium with a restrictive layer at 100 to 130 cm.
 
The typical profile is a black (moist) clay for 120 cm with
 
neutral ph (Silvies) and black (moist) silty clay loam about
 
46 cm then very dark grayish brown (moist) silty clay loam
 
about 51 cm thick with a substratum of very dark grayish
 Table 4.1.  Climatological data for Seneca, OR, 1961-1990. 
1  Jan  I  Feb  1  Mar  1  Apr  1  May  1  Jun  1  Jul  I  Aug  I  Sep  I  Oct  1  Nov  I  Dec  I  Ann 
Mean temperature (C) 
Maximum  0.69  3.71  6.82  11.39  16.12  21.36  26.88  26.68  21.33  15.29  6.48  1.29  13.25 
Minimum  -13.13  -10.38  -6.81  -3.97  -0.64  2.44  3.16  2.03  -2.43  -6.02  -6.97  -11.39  -4.51 
Mean  -6.22  -3.34  0.00  3.71  7.75  11.88  15.03  14.36  9.52  4.64  -0.24  -5.05  4.31 
Extreme temperature 
Maximum  12.22  16.11  21.11  27.22  31.11  35.00  35.56  37.78  35.00  31.67  20.56  17.22  37.78 
Minimum  -40.56  -44.44  -26.67  -15.00  -11.11  -8.33  -6.11  -7.22  -114.44  -20.56  -35.00  -44.44  -44.44 
Precipitation (cm 
Monthly mean  1  3.27  I  2.62  1  2.97  1  2.51  1  3.40  1  2.82 1  1.40  I  2.21  1  1.65  1  2.24  i  3.78  1  4.24  I  33.15 
Snowfall (cm) 
Monthly mean  I  29.41  I  24.05  I  19.69  I  7.47  I  2.49  I  0.13 I  0.00  I  0.00  I  0.00  i  2.95  I  20.01  I  42.24  I  161.82 69 
brown silt loam to 127 cm or more (Damon).  The Damon soil
 
is  neutral  throughout  and  is  mottled  below  66  cm.
 
Permeability for both soils is moderately slow,  estimated
 
at 1.5  to 5.0 cm/hr.  Available water holding capacity is
 
18 to 25 cm and effective rooting depths are 75 to 100 cm.
 
The SCS Range Site guide for the John Day Land Resource
 
Area (1965) classifies the riparian portion of these valleys
 
as wet and semi-wet mountain meadows.  The "original" semi-

wet meadow herbaceous  component  is  described as  being
 
composed of 25% redtop (Agrostis alba), 15% tufted hairgrass
 
(Deschampsia  caespitosa),  10%  each  slender  wheatgrass
 
(Agropyron  trachycaulum),  sod-forming  bluegrasses  (Poa
 
pratensis and P.  sandbergii), and meadow rushes  (Juncus
 
spp.).  Perennial  forbs such as  cinquefoil  (Potentilla
 
gracilis),  yarrow  (Achillea  millefolium),  aster  (Aster
 
occidentalis),  geranium  (Geranium  spp.),  buttercup
 
(Ranunculus spp.),  dandelion (Taraxacum officinale),  cow
 
clover (Trifolium involucratum), and vetch (Vicia americana)
 
make up approximately 10%.
 
The wet meadow herbaceous plant community has a similar
 
diversity,  but  a different composition.  The "typical"
 
original plant community was 30% tufted hairgrass, 10% each
 
Nevada bluegrass (Poa nevadensis), redtop and meadow sedges
 
(Carex  spp.),  30%  other  grasses,  sedges  and  rushes.
 
Perennial  forbs such as cow clover,  cinquefoil,  aster,
 
buttercup,  strawberry  (Frageria  spp.),  avens  (Geum
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campanulatum), and groundsel (Senecio spp.) add another 10%.
 
Both  of  these  plant  communities  are  tolerant  of  low
 
temperatures.
 
A mosaic of private family-owned livestock ranches cover
 
the valley floor within Bear and Silvies valleys, bordered
 
by  the  surrounding  Malheur  National  Forest.  Cattle
 
production is the primary economic enterprise.  Privately
 
owned riparian pastures are irrigated to increase production
 
of native and seeded grasses.  Many meadows are hayed in late
 
July for supplemental winter livestock feed.
 
METHODS
 
Plant Community Designation
 
Initial reconnaissance of the study area indicated that
 
four distinct plant community types representing a gradient
 
from mesic to a hydric moisture regime could be identified
 
on the basis of dominant graminoids.  These four plant
 
communities consisted of the following:
 
1.	  Wet Carex spp./Deschampsia community dominated by
 
Nebraska sedge (Carex nebraskensis), beaked sedge
 
(Carex rostrata), Baltic rush (Juncus balticus),
 
tufted hairgrass and sloughgrass (Beckmannia
 
syzigachne), also present were Kentucky bluegrass,
 
timothy (Phleum pratensis), meadow foxtail
 
(Alopecurus pratensis), clover, annual and perennial
 
forbs, and other grasses, sedges, and rushes.
 
2.	  Moist Alopecurus pratensis community strongly
 
dominated by the non-native meadow foxtail, also
 
present were timothy, Kentucky bluegrass, tufted
 
hairgrass, Nebraska sedge, Beaked sedge, Baltic
 
rush, cinquefoil, and other grasses, sedges, rushes
 
and forbs.
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3.	  Moist Poa pratensis community dominated by
 
Kentucky bluegrass, also present were timothy,
 
smooth brome (Bromus inermis), meadow foxtail,
 
cinquefoil, dandelion, yarrow, clover, sedges,
 
rushes, annual and perennial forbs, other grasses
 
and silver sagebrush (Artemisia cana).
 
4.  Dry Poa pratensis community dominated by Kentucky
 
bluegrass, also present were smooth brome, junegrass
 
(Koleria pyramidata), sandbergs bluegrass, Idaho
 
fescue (Festuca idahoensis), squirreltail (Sitanion
 
hystrix), wheatgrass, meadow foxtail, pussytoes
 
(Antennaria spp.), cinquefoil, yarrow, lupine,
 
strawberry, dandelion, clover, buckwheat (Eriogonum
 
spp.), green rabbitbrush (Chrysothamnus
 
viscidiflorus), mountain big sagebrush (Artemisia
 
tridentata ssp. vaseyana), sedges, rushes, and other
 
forbs and grasses.
 
Field Sampling
 
Cover and Species Composition
 
Point sampling using the point line intercept method as
 
describe by Pieper (1973) was used to estimate basal cover,
 
species composition, litter,  and bareground.  Five 15 m
 
transects, with points every 15 cm, were randomly located in
 
each  plant  community  within  each  replication  area.
 
Determinations were made in mid-June 1994 and mid-June 1995.
 
Aboveground Phytomass
 
In March 1994, prior to cattle entering the meadows, 8
 
m by 8 m exclosures were erected within the summer grazed
 
meadows.  One exclosure per plant community per replication
 
was randomly located and constructed.  The fall grazed
 
meadows did not require exclosures.  At peak standing crop
 
5 m by 5 m plots, centered in the exclosures, where present,
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were clipped to 2.5 cm stubble height.  Forage was wet
 
weighed in the field and a random sample from each plot was
 
bagged, weighed, dried at 50°C for 48 hours and reweighed.
 
Soil Moisture
 
Soil moisture was measured at two week intervals in each
 
community type within each replication from late May through
 
September.  Gravitational  soil  moisture  content  was
 
determined using the method described by Gardner (1986).  One
 
sample from both the 30 cm and 45 cm depths were collected
 
from each plant community within each replication.  No soil
 
moisture samples were collected from flooded communities,
 
however, ponded conditions were noted.
 
Water Table Depth
 
Water table depth was measured on ten day intervals in
 
each plant community within each replication. Five transects
 
consisting of four wells each were placed perpendicular to
 
the creek in each replication.  The transects were placed on
 
both sides of the creek in an alternate fashion.  Within the
 
transect, the first well was located within one meter of the
 
stream channel.  The placement of the remaining three wells
 
was determined by plant community change and/or distance from
 
the previous well on the basis of the following decision
 
process:
 
1.  distance from prior well not to exceed 25 m.
 
2.  distance from prior well must exceed 8 m.
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3.	  distance into new plant community to be within the
 
guidelines of 2 m minimum and 8 m maximum.
 
4.	  if a plant community change did not occur within 25
 
m of the prior well the next well was placed at 15 m.
 
The reference well at the creek was placed at a depth
 
of 120 cm or base flow level of the creek, which ever was
 
greater.  Differences in surface elevation from the reference
 
well was determined using standard survey methods.  Well
 
depth for the remaining wells was calculated based on the
 
reference well depth plus or minus the change in surface
 
elevation.  In  1995, depth to creek surface, relative to the
 
reference wells was measured concurrently with the wells.
 
The impact of irrigation on water table depth was
 
monitored  by  the  placement  of  five  transects  placed
 
perpendicular to  the  irrigation  ditch  in  five  of  the
 
replications.  Transects were placed 15 m apart with five
 
wells upslope of the ditch and five wells downslope.  Wells
 
were placed 15 m from the ditch.  Water table depth was
 
monitored every ten days through the irrigation season, every
 
three days from the end of the irrigation period until base
 
level was reached and every ten days after the irrigation
 
transition period.  Measurements began in May and ended in
 
late September.
 
Statistical Analysis
 
Percent basal cover by dominant plant species and life
 
forms, percent bareground, aboveground biomass, litter, and
 
soil moisture were analyzed between plant communities within
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years and across years.  Thirteen locations (replications)
 
were included in the analysis.  The design was blocked by
 
location and a mixed model ANOVA was used to determine within
 
year differences (SAS 1994).  A nested ANOVA, with year
 
nested within plant community was used to identify between
 
year  differences  when  no  significant  year  interaction
 
occurred.  Analysis of variance tables are presented in
 
Appendix II.
 
All plant species with sparse distributions were not
 
analyzed statistically.  However, the relative percent basal
 
cover of the life form groups of forbs, grasses, mosses,
 
rushes/sedges, and shrubs were analyzed.
 
The pair-wise mean comparison method was applied to
 
basal cover, bareground, aboveground biomass, litter, and
 
soil moisture means when F-tests were significant at the 0.10
 
level.  This allowed identification of plant community
 
attributes that were significantly different across plant
 
communities. Between year comparisons were made when F-tests
 
of the year nested within plant community component of the
 
model was significant at the 0.10 level.
 
Simple linear regression was used to determine the
 
relationship between soil moisture and depth to water table.
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RESULTS AND DISCUSSION
 
Annual precipitation for 1994 was 21.23 cm, 11.92 cm
 
below the 30 year average and the mean maximum temperature
 
was 1°C warmer (Table 4.2).  Annual precipitation for 1995
 
was 45.68 cm, 12.53 cm above the 30 year average (Table 4.3).
 
Both years are representative of the extreme ends of the
 
precipitation history for Bear and Silvies Valleys.  This
 
large variance in precipitation over the two years of the
 
project provided and opportunity to study the response of the
 
vegetative communities to vastly different environmental
 
conditions.
 
Soil Moisture
 
Seasonal trends in soil moisture for the four plant
 
community types are illustrated in Figures 4.1 through 4.4.
 
Korpela  (1992) measured soil moisture content in similar
 
plant communities  in  a  non-irrigated  riparian area  in
 
northeastern Oregon.  Results of this study for the moist
 
bluegrass and dry bluegrass communities are quite similar
 
with the moist bluegrass community averaging at least 10%
 
greater soil moisture content throughout the growing season.
 
Pairwise comparisons of soil moisture averages within years
 
across  plant  communities  by  date  showed  significant
 
differences in moisture content existed between the dry
 
bluegrass and all other  communities  and  moist
 
bluegrass  and  all  other communities.  These results were
 Table 4.2.  Climatological data for Seneca, OR, 1994.
 
I  Jan  J  Feb  1  Mar  I  Apr  I  May  I  Jun  I  Jul  J  Aug  I  Sep  I  Oct  I  Nov  I  Dec  I  Ann 
Mean temperature (C) 
Maximum  4.77  3.81  11.22  12.72  17.44  21.63  28.91  28.87  24.61  14.07  1.39  1.74  14.2 
Minimum  -7.88  -9.54  -6-56  -1.98  1.02  1.29  3.37  1.24  -2.21  -6.72  -10.63  -11.42  -4. 
Mean  -1.56  -2.87  2.33  5.37  9.23  11.46  16.14  15.06  11.20  3.68  -4.62  -4.84  5.0
 
Extreme temperature
 
Maximum  12.22  7.22  21.11  25.0  26.67  31.11  35.56  33.89  30.56  22.78  14.44  13.89  35.
 
Minimum  -17.22  -20.0  -11.67  -8.33  -7.22  -5.56  -3.89  -5.0  -7.22  -15.0  -26.67  -23.89  -24
 
Precipitation (cm)
 
Monthly mean  1.68  1.93  1.12  2.79  3.89  1.09  .20  .25  .43  1.42  3.00  3.43  21.
 Table 4.3.  Climatological data for Seneca, OR, 1995. 
IJan 
Mean temperature (C) 
Maximum  3.01 
Minimum  -6.08 
Mean  -1.53 
Extreme temperature 
Maximum  12.22 
Minimum  -17.22 
Precipitation (cm) 
Monthly mean  7.98 
I  Feb 
8.95 
-5.08 
1.94 
7.22 
-20.0 
1.73 
Mar 
6.86 
-4.59 
1.14 
21.11 
-11.67 
8.74 
Apr 
10.0 
-2.74 
3.63 
25.0 
-8.33 
4.72 
May 
15.25 
.57 
7.91 
26.67 
-7.22 
2.74 
Jun 
19.28 
2.54 
10.91 
31.11 
-5.56 
4.42 
Jul 
25.89 
4.19 
15.04 
35.56 
-3.89 
1.78 
Aug 
25.57 
-0.34 
12.62 
33.89 
-5.0 
1.63 
Sep 
23.57 
-1.54 
11.02 
30.56 
-7.22 
.84 
Oct 
14.21 
-5.48 
4.36 
22.78 
-15.0 
1.55 
Nov 
8.79 
-3.59 
2.50 
14.44 
-26.67 
5.31 
Dec* 
1.29 
-11.39 
-5.05 
NA 
NA 
4.24 
Ann 
13.5 
-2.7 
5.3 
35.5 
45.6 
* December values not available at press time.  Thirty year averages were used. 65
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Figure 4.1.  Seasonal trends in average soil moisture content at 30 cm depth for 1994
 
within different plant communities.  Communities designated as follows:  MB = moist
 
bluegrass, DB = dry bluegrass; MM = moist meadow foxtail; and WM = wet meadow.
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Figure 4.2.  Seasonal trends in average soil moisture content at 45 cm depth for 1994
 
within different plant communities.  Communities designated as follows:  MB = moist
 
bluegrass, DB = dry bluegrass; MM = moist meadow foxtail; and WM = wet meadow.
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Figure 4.3.  Seasonal trends in average soil moisture content at 30 cm depth for 1995 
within different plant communities.  Communities designated as follows:  MB = moist 
bluegrass, DB = dry bluegrass; MM = moist meadow foxtail; and WM = wet meadow. 90
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Figure 4.4.  Seasonal trends in average soil moisture content at 45 cm depth for 1995
 
within different plant communities.  Communities designated as follows:  MB = moist
 
bluegrass, DB = dry bluegrass; MM = moist meadow foxtail; and WM = wet meadow.
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consistent for both years.  The soil moisture content within
 
the moist meadow foxtail community was not significantly
 
different than the wet meadow soil moisture early in the
 
season, however a difference did exist by mid-June in 1995
 
(p=0.008).  This relationship was not observed in 1994 due
 
to extremely dry conditions.
 
Across year comparisons of soil moisture within plant
 
community type, by date, showed significant differences for
 
all plant communities across the growing season with the
 
exception of the dry bluegrass community.  To determine the
 
effect of the above normal precipitation on soil moisture in
 
1995 relative to 1994, soil moisture content for 1995 was
 
lagged three weeks and across year comparisons were made.
 
No significant difference in soil moisture content by plant
 
community across years was found when July 10,  1995 soil
 
moisture was compared to June 16, 1994.
 
Water Table Depth
 
Trends in depth to the water table for the four plant
 
communities are illustrated in Figures 4.5 and 4.6.  Padgett
 
(1982)  monitored water  table  levels  in  several  plant
 
community types in central Oregon and found that the water
 
table level in Kentucky bluegrass communities was generally
 
50 cm or more below the surface.  Korpela (1992)  studied
 
water table trends in a dry bluegrass, moist bluegrass and
 
wet meadow communities in northeastern Oregon.  He reported
 
water table depths of 50 cm or more for the moist bluegrass
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Figure 4.5.  Seasonal trends in average depth to the water table for 1994 within
 
different plant communities.  Communities designated as follows:  MB = moist bluegrass,
 
DB = dry bluegrass; MM = moist meadow foxtail; and WM = wet meadow.
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Figure 4.6.  Seasonal trends in average depth to the water table for 1995 within
 
different plant communities.  Communities designated as follows:  MB = moist bluegrass,
 
DB = dry bluegrass; MM = moist meadow foxtail; and WM = wet meadow.
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community and 100 cm or more for the dry bluegrass during the
 
growing season (Korpela 1992).  Water table depths for these
 
communities within this study area were similar to Korpelas'
 
during the 1994 growing season but were generally 20 cm
 
closer to the surface during the 1995 growing season.  This
 
result can be attributed to the increased water available for
 
irrigation during 1995.  Padgett (1982) found that the water
 
table in wet meadows dominated by C. rostrata or C. aquatilis
 
was at or near the ground surface until mid-summer, similar
 
to trends for wet meadow communities within this study.
 
Ponded  conditions  occurred  at  26%  of  the  46  wet
 
community wells in mid-June 1994 and 67% had a water table
 
< 30 cm below the soil surface.  The moist meadow foxtail
 
community  had a water table within 30 cm of the surface at
 
17% of the well sites in mid-June 1994.  In 1995, ponding
 
occurred at 50% of the wet meadow and 6% of the moist meadow
 
foxtail well sites in late May 1995.  By mid-June ponding had
 
ceased in the moist meadow foxtail community while 41% of the
 
wet meadow well sites were ponded. Ponding continued through
 
late July at 10% of the wet community sites.  The water table
 
was within 30 cm of the ground surface during mid-June 1995
 
for 91% of the sites located in a wet meadow community and
 
63%  of the well sites within the moist meadow foxtail
 
community.  By mid-July only 8% of the moist meadow foxtail
 
sites had a water table < 30 cm below the surface while the
 
wet community had 63%.
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Aboveground Biomass
 
Aboveground biomass for the four community types found
 
within the study area are illustrated in Table 4.4.  Pairwise
 
analysis of plant community means within years found the dry
 
bluegrass community produced significantly less biomass than
 
the moist bluegrass community (p=0.057), the moist meadow
 
foxtail  community  (p<0.0001)  and  the  wet  community
 
(p<0.0001) .  The same results were observed between the moist
 
bluegrass meadow and the meadow foxtail and wet communities.
 
The moist bluegrass community produced an average of 2568
 
kg/ha in 1994 and 3146 kg/ha in 1995 significantly less than
 
the moist meadow foxtail community (p=0.006) and the wet
 
community (p=0.012).  The meadow foxtail community produced
 
an average of 5938 kg/ha in 1994 and 7268 kg/ha in 1995 while
 
the wet community averaged 5265 and 6725 kg/ha respectively.
 
Table 4.4.  Average forage production on a dry-matter basis
 
by plant community and year (kg/ha).
 
1994  1995 
Moist bluegrass  2568  3146 
Moist meadow foxtail  5938  7447 
Wet meadow  5265  6588 
Dry bluegrass  916  1161 87 
All four plant communities appeared to respond to the
 
above  normal  precipitation  in  1995  through  increased
 
production. However, only the moist meadow foxtail (p=0.020)
 
and the wet community (p=0.052) showed a significant increase
 
over 1994.
 
Bareground, Litter and Basal Cover
 
Moist Bluegrass Community
 
Mean  percent  basal  cover  of  litter,  bareground,
 
individual key plant species and life forms by year are
 
presented in Tables 4.5 through 4.8.  The moist bluegrass
 
community had significantly more basal cover of Kentucky
 
bluegrass than all other plant communities in 1994 (p=0.0004)
 
and  1995  (p=0.002).  Basal  cover of timothy was also
 
significantly greater than all other plant communities in
 
1994 (p=0.020)  and  1995  (p=0.002).  Total grass cover
 
was significantly greater than the dry bluegrass and the wet
 
community in both 1994 (p=0.001) and 1995 (p=0.078).
 
Percent  basal  cover  of  the  life  form  group  of
 
sedges/rushes was found to be significantly different for
 
both years (p<0.0001, p<0.0001) while forb basal cover was
 
significantly different in 1995 only (p=0.023).
 
Percent bareground was significantly less than the dry
 
bluegrass community (p=0.0004), and significantly more than
 
the  moist  meadow  foxtail  community  (p=0.001)  and  wet
 
community (p=0.015) in both years.  No significant
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Table 4.5.  Mean percent basal cover of litter, bareground,
 
individual key species and life forms within the moist
 
bluegrass community.  Standard error is in parenthesis.
 
1994  1995
 
Kentucky bluegrass  17.9  10.4
 
(±  9.1)  (±  3.4)
 
Meadow foxtail  4.5  .75
 
(±  5.1)  (±  1.1)
 
Timothy  6.3  4.6
 
(±  5.4)  (±  2.9)
 
Sedge/Rush  4.8  1.9
 
(±  3.6)  (±  1.9)
 
Forbs  9.6  8.3
 
(±  5.6)  (±  3.5)
 
Total Grass  32.6  17.8
 
(±  5.6)  (±  3.7)
 
Total Basal Cover  47.1  28.2
 
(±  7.5)  (±  4.8)
 
Litter  38.9  56.0
 
(±  13.4)  (±  8.9)
 
Bareground  10.5  10.8
 
(±  8.0)  (±  8.2)
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Table 4.6.  Mean percent basal cover of litter, bareground,
 
individual key species and life forms within the moist meadow
 
foxtail community.  Standard error is in parenthesis.
 
1994  1995 
Meadow foxtail  27.1 
(± 10.8) 
16.6 
(± 4.5) 
Sedge/Rush  7.6 
(± 4.0) 
3.2 
(± 1.5) 
Moss  10.0 
(± 8.6) 
14.1 
(± 15.2) 
Forbs  7.0 
(± 4.1) 
2.1 
(± 2.6) 
Total Grass  32.2 
(± 9.3) 
19.2 
(± 3.0) 
Total Basal Cover  46.8 
(± 9.3) 
24.6 
(± 3.8) 
Litter  40.8 
(± 7.9) 
58.1 
(± 16.3) 
Bareground  .70 
(± .62) 
.90 
(± .80) 90 
Table 4.7.  Mean percent basal cover of litter, bareground,
 
individual  key  species  and  life  forms  within the  dry
 
bluegrass community.  Standard error is in parenthesis.
 
1994  1995 
Kentucky bluegrass  14.4 
(± 5.5) 
5.4 
(± 3.1) 
Other grass  3.6 
(± 2.0) 
5.1 
(± 3.9) 
Total grass  21.2 
(± 2.0) 
11.6 
(± 2.8) 
Forbs  10.3 
(± 3.3) 
6.6 
(± 2.7) 
Shrubs  1.1 
(± .5) 
.31 
(± .31) 
Total Basal Cover  34.2 
(± 8.8) 
20.2 
(± 4.0) 
Litter  43.1 
(± 14.7) 
55.7 
(± 7.6) 
Bareground  20.9 
(± 10.9) 
19.8 
(± 9.4) 91 
Table 4.8.  Mean percent basal cover of litter, bareground,
 
individual key species and life forms within the wet meadow
 
community.  Standard error is in parenthesis.
 
1994 
Tufted hairgrass  10.3 
(± 13.0) 
Meadow foxtail  1.2 
(± 1.5) 
Total grass  19.6 
(± 8.6) 
Sedge/Rush  20.0 
(± 8.2) 
Moss  17.2 
(± 8.7) 
Forbs  6.3 
(± 3.3) 
Total Basal Cover  34.2 
(± 8.8) 
Litter  32.5 
(± 9.2) 
Bareground  3.8 
(± 5.2) 
1995
 
8.0
 
(± 9.4)
 
.43
 
(± .48)
 
13.0
 
(± 7.3)
 
13.7
 
(± 3.8)
 
30.1
 
(± 10.1)
 
2.3
 
(± 1.8)
 
29.2
 
(± 6.1)
 
35.4
 
(± 15.5)
 
3.6
 
(± 4.5)
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differences in percent litter were found in 1994, however,
 
in 1995 the moist bluegrass community was found to have
 
significantly more litter than the wet community (p=0.018).
 
Significant year interactions occurred among all the
 
plant community attributes except percent bareground, basal
 
cover and litter.  No significant difference in percent
 
bareground was found between years, however, litter increased
 
significantly  (p=0.001)  and  percent  total  basal  cover
 
declined significantly in 1995 (p<0.0001).
 
Dry Bluegrass Community
 
Although the dry bluegrass community had significantly
 
less Kentucky bluegrass than the moist bluegrass community
 
it had significantly more than the wet community (p=0.033)
 
and moist meadow foxtail community (p=0.010) in 1994.  In
 
1995, the same results occurred for the moist meadow foxtail
 
community (p=0.090).  Percent basal cover of grasses other
 
than Kentucky bluegrass, meadow foxtail,  timothy, tufted
 
hairgrass and smooth brome was significantly greater in the
 
dry bluegrass community than all other communities in 1995
 
(p=0.007).  A significant difference was found in 1994
 
between the moist meadow foxtail community and the dry
 
bluegrass community in the other grass category (p=0.060).
 
Total grass percent basal cover was significantly less in
 
this community than the moist bluegrass and moist meadow
 
foxtail communities for both years (p=0.001, p=0.080).
 93 
The percent basal cover of forbs was significantly
 
greater than the moist meadow foxtail (p=0.056) and the wet
 
(p=0.031) communities in 1995.  Shrub cover was significantly
 
greater than all other communities in both years (p<0.0002,
 
p=0.031).
 
Bareground  was  significantly  greater  in  the  dry
 
bluegrass community than all other communities in both years
 
(p=0.001, p=0.003).  Litter was significantly greater than
 
the wet community in both years (p=0.060, p=0.064) and total
 
basal cover was significantly less (p=0.0003, p=0.076).
 
No significant difference in percent bareground was found
 
between  years,  however,  litter  increased  significantly
 
(p=0.020)  and total basal cover decreased significantly
 
(p<0.0001).
 
Moist Meadow Foxtail Community
 
Significant differences in percent basal cover of meadow
 
foxtail were found between the moist meadow foxtail community
 
and the moist bluegrass (p<0. 0001) , dry bluegrass (p<0. 0001) ,
 
and wet (p<0.0001) communities for both years.  Total grass
 
cover was significantly greater than the wet meadow community
 
for 1994 (p=0.060) and 1995 (p=0.027) and the dry bluegrass
 
community for 1994 (p=0.042) and 1995 (p=0.012).  Percent
 
moss was significantly greater in the moist meadow foxtail
 
community than the moist bluegrass (p=0.078, p=0.040) and dry
 
bluegrass (p=0.062, p=0.020).
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Percent bareground was significantly less than the dry
 
bluegrass community in 1994 and 1995 (p<0.0001) and the moist
 
bluegrass community in 1994 (p=0.001) and 1995 (p=0.019).
 
Litter was significantly greater than the wet community in
 
both years (p=0.023, p=0.006).
 
Percent bareground and litter were both found to be to
 
be insignificant between years, however, total basal cover
 
decreased significantly (p<0.0001).
 
Wet Meadow Community
 
Tufted hairgrass was significantly more abundant in the
 
wet meadow community than the moist meadow foxtail, moist
 
bluegrass, and dry bluegrass communities for both 1994 and
 
1995 (p=0.079, p=0.030).  The same result was found with the
 
sedges and rushes life form group (p<0.0001).  Moss was also
 
significantly more prevalent in the wet community versus all
 
other plant communities for both years (p<0.0001).
 
Litter was found to be significantly less in the wet
 
community than the moist meadow foxtail community (p=0.022),
 
and the dry bluegrass community (p=0.060) in 1994.  In 1995,
 
percent litter was significantly less in the wet community
 
than the moist meadow foxtail  (p=0.006), moist bluegrass
 
(p=0.017) and dry bluegrass (p=0.064).
 
Percent bareground and litter were both found to be
 
insignificant between years,  however,  total basal cover
 
declined significantly (p<0.0001).
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Plant Basal Cover-Discussion
 
All plant communities showed a significant drop in total
 
basal cover between 1994 and 1995.  Kentucky bluegrass
 
during drought conditions often exhibits a prostrate growth
 
form that can change to erect with the input of moisture
 
(Eddleman 1996).  This may explain the decrease in plant
 
basal cover within the moist bluegrass and dry bluegrass
 
communities between 1994 and 1995.
 
Aboveground biomass increased significantly from 1994
 
to 1995 in the moist meadow foxtail community which indicates
 
leaf area increased.  This probable increase in canopy
 
closure could have caused a reduction in the absolute number
 
of plants within this community due to competition for
 
sunlight.  Although the wet meadow community did not show a
 
significant increase in aboveground biomass between years it
 
is probable that canopy height increased sufficiently to
 
cause a reduction in total plants.
 
Irrigation Impact
 
The impact of irrigation on water table depth, riparian
 
meadow width and plant communities was determined by:
 
1.	  Monitoring the rate of change in water table depth
 
at the irrigation sites relative to control wells
 
located within one meter of the creek.
 
2.	  Determining the relationship of water table depth
 
at each well to creek surface from May through
 
August.
 
3.	  Regression analysis of water table depth to soil
 
moisture by plant community.
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Water Table Depth
 
Depth to water and rate of change, by plant community,
 
for the control and irrigation wells are presented in Tables
 
4.9 through 4.15.  At all sites the rate of drop in the water
 
table after irrigation ceased was considerably more than the
 
drop at the control wells.  The control wells located in wet
 
communities at Site 2 had an average water table depth of 43
 
cm in mid-September (Table 4.11) whereas the irrigation wells
 
in the same community at Site 1 averaged 92 cm (Table 4.9).
 
Figure 4.7 illustrates the impact of irrigation on water
 
table depth at Site 1.
 
Due to the above normal precipitation in  1995 the
 
irrigation season was extended well into July at Site 10 and
 
Site 12.  Water remained ponded at the irrigation location
 
within Site 10 through late July whereas the water table at
 
the control wells followed the gradual decline in creek
 
level.  The rate of change in water table level after
 
irrigation ceased averaged 3 to 4 cm/day in 1995 and 4 to 5
 
cm/day in 1994.  At Site 12, the average rate of change in
 
the water table level  for the  first three days after
 
irrigation ceased was 14 cm/day in 1995 and 10 cm/day in
 
1994.  The average rate of change at the control wells never
 
exceeded 2 cm/day.
 Table 4.9.  Depth to water table (cm) and daily rate of change (cm)  for irrigation and
 
control wells by plant community.  Site 1.  Irrigation ceased on July 3, 1995.
 
5/24  6/13  8/28  7/4  7/7  7/11  7/14  7/22  7/26  7/31  8/12  8/22  9/12
IRRIGATION	  PLANT
 
COMM DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH
  DEPTH  DEPTH  DEPTH  DEPTH
WELL 1	  WET  0  0  0  3  4  13  21 39 47 54 56  61 87
WELL 2  WET 0  0  0  2  2  12  17 37  43  48  51 55 67
WELL 3	  WET 0  0  0  0  0  16  24  40  49 58  77  88  100
WELL 4	  WET 0  0  0  4  4  20  26 42  47 82  87  95  101
WELL 5	  WET 0  0  0  1  8  21  27  44  49  51  92 98  104 
AVERAGE  0  0  0  2  3  16  23 40  47 54  73  79  92
DAILY RATE OF CHANGE  0  0  0  0  3  2  2  2 1 2  1 1 
CONTROL WELLS
 
WELL 1  MB 25  31  34  35  37  39
  34 36  39 40  43  51  57
WELL 2	  MB 43  47  49  43  42  41  42  44 48 49  51 53 59 
AVERAGE  34  39  42  39 40 40 38 40  43 45 47 52 58
DAILY RATE OF CHANGE  0  0  0  0  0  -1 0  1 0 0  1 0 
WELL 3	  MM 39  43  49  44  40  40  46  45  48 47  50  54  82
WELL 4	  MM  38  39  51  45 48 48  52 58  62 WELL 5  MM  26  25  30  34 40 42  48  58  81 
AVERAGE  34  36  43  44  40  40  42  44  48 47  50  56  82 DAILY RATE OF CHANGE  0  1  0  -1 0  1  0  1 0 0  1  0 Table 4.10.  Depth to water table (cm) and daily rate of change (cm)  for irrigation and
 
control wells by plant community.  Site 1.  Irrigation ceased on June 18, 1994.
 
6M 8  6/22  6/26  6/30  7/3  7/6  7M 6  7/26
 
IRRIGATION  PLANT 
COMM. DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH 
WELL 1  WET  22  42  56  59  60  71  79 1 
WELL 2  WET  2 23  42 58 60  63  70  83 
WELL 3  WET  0  21  36 47  52  55  57  79 
WELL 4  WET  3 34  43  54  59  65  80  94 
WELL 5  WET  8  29  44  58  66  75 83  92 
AVERAGE  3  26  41  55  59  64  72  85 
DAILY RATE OF  CHANGE  6  4  3  2  1  1 1 
CONTROL WELLS 
WELL 1  MB  36 36  44  45  46  48  52  57 
WELL 2  MB  58 53  61  58  58  59  61  64 
AVERAGE  47  45  53  52  52  54  57  61 
DAILY RATE OF  CHANGE  -1  2  -0  0  1  0  0 
WELL 3  MM  44 44  51  51  52  55  55  61 
WELL 4  MM 49  51  54  53  54  56  57  62 
WELL 5  MM  48 47  49  47  47  49  49  54 
AVERAGE  47  47  51  50  51  53  54  59 
DAILY RATE OF  CHANGE  0  1  1 -0  0 1 Table 4.11.  Depth to water table (cm) and daily rate of change  (cm) for irrigation and

control wells by plant community.  Site 2.
  Irrigation ceased on July 20, 1995.
 
5/24  6M 3  6/28  7M 4  7/22  7/25  7/31  8M 2  8/22  9M 4 
IRRIGATION  PLANT 
COMM. DEPTH DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH 
WELL 1  MB  40  29  48  34  64  81  100  111  111  110 
WELL 2  MB  45  35  49  40  65  78  98  113  112  110 
WELL 3  MB  46  34  51  46  66  78  93  108  111  110 
WELL 4  MB  54  43  60  55  73  83  94  113  110  112 
WELL 5  MB  33  22  37  29  56  72  94  112  112  111 
AVERAGE  44  33  49  41  65  78  96  111  111  111 
DAILY RATE OF  CHANGE  -1  1  -1  3  5  3  1  -0 -0 
CONTROL WELLS 
WELL 1  WET 2  18  20  20  9  11  16  21  30 
WELL 2  WET 7  28  28  36  30  32  40  46  53 
WELL 3  WET  11  22  24  25  20  23  26  29 35 48 
WELL 4  WET 0  18  20  23  17  26  29  35  41 
AVERAGE  5  22  23  26  19  23  26  29 34  43 
DAILY RATE OF  CHANGE  0 1  0 -1  1  1 0 1 0 
WELL 5  MB  14 30 37  42 33 39 40 43  54  68 
DAILY RATE OF  CHANGE  0  0  -1  2  0  0  1  1 Table 4.12.  Depth to water table (cm) 
control wells by plant community.  Site 
and daily rate of change (cm) for irrigation 
10.  Irrigation ceased on July 8, 1995. 
and 
IRRIGATION  PLANT 
5/25  6/15  6/29  7/10  7/13  7/20  7/23  7/26  7/31  8/9  8/22  9/12 
COMM DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH 
WELL 1  WET  0  0  0  0  0  0  0  11  33  39  82  78 
WELL 2 
WELL 3 
WELL 4 
WELL 5 
WET 
WET 
WET 
WET 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
18 
13 
7 
2 
37 
25 
22 
21 
37 
38 
25 
25 
81 
63 
52 
49 
77 
82 
68 
73 
AVERAGE  0  0  0  0  0  0  0  10  28  33  57  78 
DAILY RATE OF CHANGE  0  0  0  0  0  0  3  4  1  2  1 
CONTROL WELLS 
WELLY  WET 
DAILY RATE OF CHANGE 
22  32 
0 
41 
1 
48 
1 
51 
1 
62 
2 
69 
2 
76 
2 
82 
1 
90 
1 
99 
1 
100 
0 
WELL 2 
WELL 3 
MB 
MB 
40 
41 
59 
55 
59 
87 
64 
74 
66 
77 
71 
84 
76 
92 
82 
93 
81 
101 
84 
108 
90 
111 
97 
115 
AVERAGE 
DAILY RATE OF CHANGE 
41  57 
1 
63 
0 
69 
1 
72 
1 
78 
1 
84 
2 
88 
1 
91 
1 
96 
1 
101 
0 
108 
0 
WELL 4  MM  22  27  37  58  57  68  72  73  82  82  84  90 
WELL 5  MM  43  52  81  68  65  74  81  87  82  94  98  108 
AVERAGE 
DAILY RATE OF CHANGE 
33  40 
0 
49 
1 
62 
1 
61 
0 
71 
1 
77 
2 
80 
1 
82 
0 
88 
1 
90 
0 
98 
0 Table 4.13.  Depth to water table (cm)  and daily rate of change (cm) for irrigation and
 
control wells by plant community.  Site 10.  Irrigation ceased on June 20, 1994. 
IRRIGATION 
WELL 1 
WELL 2 
WELL 3 
WELL 4 
WELL 5 
6/18 
PLANT 
COMM DEPTH 
WET  0 
WET  0 
WET  0 
WET  0 
WET  0 
6/27 
DEPTH 
42 
40 
41 
27 
28 
6/30 
DEPTH 
57 
55 
56 
44 
48 
7/3 
DEPTH 
60 
61 
61 
52 
52 
7/6 
DEPTH 
67 
66 
67 
55 
58 
7/16 
DEPTH 
73 
75 
76 
64 
65 
7/26 
DEPTH 
82 
82 
85 
72 
75 
8/5 
DEPTH 
86 
85 
88 
78 
76 
AVERAGE 
DAILY RATE OF  CHANGE 
0  36 
4 
52 
5 
57 
2 
63 
2 
71 
1 
79 
1 
83 
0 
CONTROL WELLS 
WELL 1  WET 
DAILY RATE OF  CHANGE 
50  68 
2 
73 
2 
80 
2 
79 
0 
90 
1 
98 
1 
98 
0 
WELL 2 
WELL 3 
MB 
MB 
64 
78 
72 
94 
74 
101 
80 
102 
80 
105 
83 
105 
87 
109 
87 
110 
AVERAGE 
DAILY RATE OF  CHANGE 
71  83 
1 
88 
2 
91 
1 
93 
1 
94 
0 
98 
0 
99 
0 
WELL 4 
WELL 5 
MM 
MM 
59 
55 
59 
55 
80 
67 
78 
71 
77 
71 
79 
78 
89 
87 
94 
93 
AVERAGE 
DAILY RATE OF  CHANGE 
57  57 
0 
74 
6 
75 
0 
74 
0 
79 
0 
88 
1 
94 
1 
H 0 Table 4.14.  Depth to water table (cm) and daily rate of change (cm) for irrigation and
 
control wells by plant community.  Site 12.  Irrigation ceased on July 6, 1995.
 
5/23  8/14  6/29  7/6  7/6  7/9  7/13  7/20  7/23  7/26  7/31  8/9  8/24  9/9  9/11  9/22 IRRIGATION	  PLANT 
COMM  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH WELL 1	  WET  8  8  7  14  29  40 48  52  72  81  88  99  104  10.4  37  29 WELL2	  WET 4  4  3  e  22  31  33  40 69  68  77  81 86 88  22  17 WELL 3	  WET  e 0  3  12 26 38  48  53  72  83  93  10.4  104  104  32  20 WELL 4	  WET 6  8  3  12  43  51  52 72  79  as  100  105  105  23  24 
AVERAGE 
DAILY RATE OF  CHANGE 
8  8 
0  0 
11 
1 
28 
15 
38 
4 
45 
2 
49 
1 
69 
7 
78 
3 
86 
2 
96 
1 
100 
0 
100 
0 
29 
-38 
23 
-1 
waLs 
DAILY RATE OF 
MB 
CHANGE 
32  32 
0 
30 
0 
40 
2 
54 
14 
70 
5 
81 
3 
84  91 
2 
98 
2 
103 
1 
114 
1 
121 
0 
121 
0 
47 
-37 
48 
CONTROL WELLS 
WELL 1 
WELL 2 
WELL 3 
WELL4 
WELL 5 
MB 
MB 
MB 
MB 
MB 
78 
77 
66 
80 
58 
78 
77 
M 
80 
58 
80 
80 
04 
79 
55 
83 
82 
71 
82 
80 
84 
83 
73 
85 
61 
84 
83 
78 
88 
89 
84 
83 
78 
91 
71 
84 
85 
81 
92 
77 
93 
91 
88 
98 
84 
98 
94 
92 
101 
90 
101 
91 
92 
102 
81 
105 
94 
94 
109 
87 
108 
96 
95 
116 
97 
108 
98 
95 
115 
97 
111 
101 
93 
101 
98 
85 
83 
90 
AVERAGE 
DAILY RATE OF 
AVG 
CHANGE 
72  72 
0 
72 
0 
78 
1 
77 
2 
80 
1 
81 
0 
84 
0 
91 
2 
95 
1 
93 
0 
98 
0 
102 
0 
102 
0 
101 
.1 
se Table 4.15.  Depth to water table (cm)  and daily rate of change (cm)  for irrigation and

control wells by plant community.  Site 12.  Irrigation ceased on July 5, 1994.
 
6/18  6/27  7/6  7/9  7/12  7/16  7/19  7/22 
IRRIGATION  PLANT 
COMM DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH  DEPTH 
WELL 1  WET  12  21  30  59  73  83  91  96 
WELL 2  WET  2  9  16  45  66  75  81  87 
WELL 3  WET  9  17  26  57  69  82  91  94 
WELL 4  WET  5  12  21  55  74  85  95  99 
AVERAGE  7  15  23  54  71  81  90  94 
DAILY RATE OF  CHANGE  1  1  10  6  3  3  2 
WELL 5  MB  39  45  77  89  98  107  110  115 
DAILY RATE OF  CHANGE  1  4  4  3  2  1  2 
CONTROL WELLS 
WELL 1  MB  73  74  75  80  87  84  84  100 
WELL 2  MB  73  77  76  87  92  83  92  97 
WELL 3  MB  65  71  70  85  88  78  92  88 
WELL 4  MB  89  94  95  94  95  88  88  104 
WELL 5  MB  96  97  102  101  101  101  100  101 
AVERAGE  AVG  79  83  84  89  93  87  91  98 
DAILY RATE OF  CHANGE  0  0  2  1  -1  1  2 10
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Figure 4.7.  Average depth to water table at site 1 within wet meadow communities.
 
Irrigation ceased on July 3.
 105 
In early September irrigation was resumed at Site 12.
 
Figure 4.8 illustrates the immediate and dramatic effect
 
irrigation had on water table levels.  The head ditch at Site
 
12 is within 30 m of the creek, therefore, the resumption of
 
irrigation also impacted the control wells.
 
Meadow Water Table Profiles
 
Meadow  water  table  profiles  for  all  sites  were
 
determined by adjusting the absolute water table depth at
 
each well for  ground surface elevation change relative to
 
the reference well located at creekside.  Appendix III
 
contains the adjusted water table depths by site for 1995.
 
In addition, water table depths within locations containing
 
irrigation  wells  were  further  adjusted  to  show  their
 
relationship to the surface level of the creek (Tables 4.16
 
through 4.19).
 
At Site 10, the head ditch is greater than 200 m from
 
the creek on the southside and 600 m on the northside.
 
Transects 1,  3, and 5 were located on the northside of the
 
creek and transects 2 and 4 were located on the southside.
 
Irrigation transects were located at the southside head
 
ditch.  The northside transects indicate the creek was losing
 
water to the meadow water table throughout the measurement
 
period whereas the southside transects indicate the creek did
 
not become influent until early July  (Table 4.18).  A
 
discontinuity in the southside meadow water table profile
 
occurred in late July (Figure 4.9).  Water table levels at
 20
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Figure 4.8.  Average depth to water table at site 12.  Irrigation resumed on
 
September 9, 1995.
 Table 4.16.  Water table depth adjusted for ground surface elevation change relative to the
 
creek surface.  Site 1.  Irrigation ceased on July 3, 1995. 
5/24  6/13  6/28  7/4  7/7  7/11  7/14  7/19  7/22  7/26  7/31  8/12  8/22 
TRANSECT 1 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  3  0  9  0  9  -1  1  -3  2  1  2  5  -9 
WELL 2  MISSING 
WELL 3  18  22  20  4  13  3  -1  -13  -1  -2  2  -8  -11 
WELL 4  30  39  31  14  19  11  3  -7  8  4  7  -4  -7 
TRANSECT 3 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  -2  1  0  -1  -1  2  -7  5  -4  5  0  -10  -2 
WELL 2  7  9  8  -1  -4  -2  -0  -16  -0  -8  5  -10  -12 
WELL 3  MISSING 
WELL4  41  41  37  19  12­ 10  8  45  12  8  12  4  5 
TRANSECT 5 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  4  -1  4  0  2  2  -2  -1  0  0  3  -1  0 
WELL 2  10  13  18  5  10  8  2  5  5  3  8  2  3 
WELL 3  29  32  35  15  18  13  9  2  12  10  15  7  2 
WELL 4  38  37  37  19  17  11  7  -4  10  10  14  7  5 
TRANSECT 2 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  -4  2  -7  N/A  N/A  N/A  -8  -9  -0  -7  N/A  -9  -13 
WELL 2  0  5  1  N/A  N/A  N/A  -7  -28  -7  -0  N/A  -20  -23 
WELL 3 
WELL 4 
1 
-1 
5 
5 
2 
6 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
-7 
4 
-24 
-18 
-0 
-5 
-0 
5 
N/A 
N/A 
-18 
-19 
-24 
-27 
TRANSECT 4 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  5  18  14  N/A  N/A  N/A  -3  -1  -7  -10  N/A  -12  -17 
WELL 2  11  23  18  N/A  N/A  N/A  4  -18  -14  -19  N/A  -27  -28 
WELL3  28  41  31  N/A  N/A  N/A  -0  -20  -10  -11  N/A  -34  -28 
WELL 4  29  40  31  N/A  N/A  N/A  -10  -24  -13  -17  N/A  -25  -28 
IRRIGATION 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  96  102  109  97  98  87  79  84  63  59  60  55  54 
WELL 2  96  102  109  98  98  86  75  58  81  55  54  50  48 
WELL3  96  102  109  99  100  83  72  71  80  56  52  29  21 
WELL4  96  102  109  08  94  78  69  70  56  53  57  14  13 
WELL 5  96  102  109  95  98  79  70  69  58  55  48  19  14 Table 4.17.  Water table depth adjusted for ground surface elevation change relative to the
 
creek surface.  Site 2.  Irrigation ceased on July 20, 1995.
 
5/24  8/13  8/28  7/14  7/22  7/25  8/12  8/22 
TRANSECT 1 
CREEK SURFACE 0  0  0  0  0  0  0  0 
WELL 1  14  9 3  2  -2  -9  -6  -13 
WELL 2  17  27 24 22 10  13  15  10 
WELL 3  3  18  13  14  4  -19 -19  -23 
WELL 4  10  24  6  -9  -17  -20  -19  -23 
TRANSECT 3 
CREEK SURFACE  0  0  0  0 0  0 0 0 
WELL 1  17  9  11  8 -2  -4  -6  -11 
WELL 2  -4  11  12 18  1  3 8  10 
WELL 3  30  48 43 30  11  10  8  6 
WELL 4  MISSING 
TRANSECT 5 
CREEK SURFACE  0  0  0  0  0  0 0  0 
WELL 1  N/A  3  -1  1 2  1  -1  -2 
WELL 2  N/A  2  -1  -2  -4  -8 -7 -9 
WELL 3  N/A  5  -2  -10  -8  -9  -12  -10 
WELL 4  N/A  7  1  -12  -10  -13  -13  -18 
TRANSECT 4 
CREEK SURFACE 0  0  0  0  0  0  0  0 
WELL 1  9  9  11 5 2  1  -1 -5 
WELL 2  27  32 34  24  15  17  14  13 
WELL 3  MISSING 
WELL 4  18  30 27  14  8  4  -17  -27 
IRRIGATION 
CREEK SURFACE  0  0  0  0  0  0  0  0 
WELL 1  29  52  27  14  8  4  -17  -27 
WELL 2  21  43  30  30  4  -4  -30  -25 
WELL 3  30  51  41  45  12  1  -30  -30 
WELL 4 
WELL 5 
35 
42 
57 
84 
42 
53 
51 
58 
13 
21 
-2 
7 
-28 
-29 
-28 
-29  I-, 0 
03 Table 4.18.  Water table depth adjusted for ground surface elevation change relative to the
 
creek surface.  Site 10.  Irrigation ceased on July 8, 1995. 
5/25  6/15  8/29  7/10  7/13  7/20  7/23  7/26  8/9  8/22 
TRANSECT 1 
CREEK SURFACE 
WELL 1 
0 
-7 
0 
-18 
0 
-12 
0 
-10 
0 
-13 
0
t2 
0 
-13 
0 
-17 
0 
-19 
0 
-14 
WELL 2  -12  -13  -20  -18  -24  -22  -20  -24  -28  -25 
WELL 3  -21  -20  -28  -30  -33  -33  -33  -33  -42  -34 
WELL 4  -20  -21  -27  -33  -37  -38  -38  -40  -48  -45 
TRANSECT 3 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0 
WELL 1  3  13  -1  -a  -8  -II  -11  -17  -27  -29 
WELL 2  -12  -1  -20  -21  -27  -28  -25  -29  -42  -36 
WELL 3  -20  -0  -26  -32  -38  -37  -33  -34  -32  -52 
WELL4  -28  -13  -33  -38  -48  -44  -40  -41  -45  -50 
TRANSECT 5 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0 
WELL 1  1  1  -4  -7  -0  -10  -5  -19  -15 
WELL 2  -1  1  -2  1  -7  -7  -4  -16  -0 
WELL3  1  2  1  4  0  -4  -0  -4  -18  0 
WELL 4  -5  -1  -e  -4  -a  -8  -9  -6  -20  3 
TF1ANSECT 2 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0 
WELL 1  -4  5  -5  -0  -4  -9  -10  -15  -12  -17 
WELL 2  1  8  8  8  12  11  12  4  -9  -1 
WELL 3  6  21  14  10  15  12  11  4  -7  -4 
WELL 4  23  31  35  24  28  24  21  11  -2  0 
TRANSECT 4 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0 
WELL 1  2  9  7  -7  -7  -13  -11  -12  -24  -18 
WELL 2  27  39  38  -8  -7  -14  -12  -17  -27  -27 
WELL 3  28  40  41  4  3  -2  1  -1  -1  -16 
WELL 4  20  35  33  7  6  3  6  4  -0  -2 
IRRIGATION 
CREEK SURFACE 
WELL 1  4  18  24  31  30  35  41  25  1  7 
WELL 2  4  16  24  31  30  35  41  30  5  5 
WELL3  4  18  24  31  30  35  41  28  13  6 
WELL4  4  18  24  31  30  35  41  39  17  19 
WELL 5  4  16  24  31  30  35  41  34  18  19 
V)  0 Table 4.19.  Water table depth adjusted for ground surface elevation change relative to the
 
creek surface.  Site 12.  Irrigation ceased on July 6, 1995. 
TRANSECT 1 
5/23  8/14  8/29  7/5  7/8  7/9  7/13  7/20  7/23  7/28  7/31  8/9 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  10  15  20  23  20  17  18  19  17  13  14  10 
WELL 2  51  54  81  50  47  37  31  37  29  21  18  14 
WELL 3  75  74  80  65  62  48  37  48  35  27  24  18 
WELL 4  88  83  91  88  88  54  56  54  40  32  25  19 
TRANSECT 3 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  11  16  23  17  15  14  14  14  15  2  2  -2 
WELL 2  54  67  72  59  47  43  38  38  29  12  7  -2 
WELL 3  86  75  81  75  60  53  45  44  32  14  7  -6 
WELL 4  84  90  93  85  89  84  57  52  38  17  7  -8 
TRANSECT 5 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  10  17  21  28  27  21  18  14  12  8  6  4 
WELL 2  34  38  42  49  42  38  33  33  28  8  -1  1 
WELL 3  58  65  87  78  80  53  50  45  33  14  8  4 
WELL 4  71  76  79  84  88  81  55  51  34  15  9  5 
TRANSECT 2 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  -3  8  10  19  17  8  8  11  10  -8  -4  -5 
WELL 2  8  24  28  39  37  28  27  27  22  -3  2  -8 
WELL 3  14  27  33  44  42  33  31  32  24  -4  -3  -9 
WELL 4  11  30  37  48  47  53  35  37  25  -1  -8  -5 
TRANSECT 4 
CREEK SURFACE  0  0  0  0  0  0  0  0  0  0  0  0 
WELL 1  9  6  9  8  5  7  8  8  5  -1  3  3 
WELL 2  12  23  28  29  24  25  22  27  20  8  -2  -4 
WELL 3  18  30  37  37  34  35  31  31  22  6  -5  -8 
WELL 4  17  29  34  35  31  33  29  28  20  6  3  -8 
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Figure 4.9.  Water table profile relative to creek surface at site 10 for June 29 and
  P July 23, 1995.  Transect 4.  Irrigation ceased on July 8.
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wells  3  and  4  in  the  southside  transects  remained
 
considerably above creek surface and well 2  water  table
 
level throughout the summer.  This relationship is opposite
 
of what was observed on the northside of the creek.  The
 
water table level at the irrigation site also remained well
 
above creek surface level (Table 4.18).
 
The northside meadow, within 100 m of the creek,  is
 
primarily a moist bluegrass community whereas the southside
 
is dominated by the moist meadow foxtail community with
 
pockets of the wet meadow community throughout.  Without
 
irrigation, southside water table levels would mimic the
 
water table levels exhibited on the northside of the creek
 
and soil moisture conditions would favor the moist bluegrass
 
plant community.
 
At Site 1, the meadow on the northside of the creek is
 
well irrigated and the southside meadow receives irrigation
 
only during above normal precipitation years.  Transects 2
 
and 4 were located on the southside and transects 1,  3 and
 
5 were located  on  the  north.  The  southside  meadow
 
received irrigation water through mid-June in 1995 while the
 
northside was irrigated until July 4.  Distance to the
 
northside head ditch exceeds 300 m.
 
Water table measurements indicate the creek switched
 
from effluent to influent in mid-July (Table 4.16).  At the
 
same time a discontinuity in the northside meadow water table
 
occurred approximately 15 m from the creek.  The water table
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profile for transects 1 and 3 show the water table sloping
 
away from the creek for approximately 15 m and sloping toward
 
the creek beyond that distance (Figure 4.10).  The southside
 
water table profiles did not exhibit this phenomena.
 
Site  12  is unique  in that the head ditch on the
 
northside is within 30 m of the creek  and the  southside
 
head  ditch is within 150 m.  Transects 1,  3, and 5 were
 
located on the northside and transects  2  and  4  on the
 
southside.
 
Water table profiles at Site 12 showed a much quicker
 
response to irrigation manipulations than Sites 1 and 10.
 
Irrigation ceased on July 6, 1995, however, the ditch was not
 
dry until July 23.  Water table profiles for transects 2 and
 
4 indicated the creek became influent within one week after
 
irrigation ceased (Figure 4.11).  Water table profiles for
 
transects 3 and 5 showed a two week delay (Table 4.19).  The
 
discontinuity in water table profiles, which occurred in
 
response to irrigation cessation,  delimit the naturally
 
occurring riparian zone from the irrigation created riparian
 
meadow.  This discontinuity occurred at all irrigated meadow
 
sites in response to irrigation shut-off (Appendix III).
 
Within the sites monitored for response to irrigation the
 
discontinuity occurred between 15 and 30 m from the creek.
 
If irrigation ceased permanently these riparian meadows would
 
shrink to a total width of approximately 60 m.
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Figure 4.10.  Water table profile relative to creek surface at site 1 for June 28 and
 
July 7, 1995.  Transect 3.  Irrigation ceased on July 3.
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Figure 4.11.  Water table profile relative to creek surface at site 12 for July 23 and
 
July 31, 1995.  Transect 4.  Irrigation ceased on July 23.
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Figure 4.12.  Soil moisture  water table depth regression.
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Soil Moisture - Water Table Depth
 
Soil moisture (at both depths) and water table depth
 
data from both years were combined and analyzed using simple
 
linear regression.  A strong linear relationship exists
 
between depth to water table and soil moisture content as
 
illustrated by Figure 4.12.
 
State and Transition Determination
 
Soil moisture content and depth to the water table
 
during the growing season is pivotal in the determination of
 
plant communities.  The average soil moisture content in mid-

June for the dry bluegrass, moist bluegrass and moist meadow
 
foxtail communities contained within this study area are
 
presented in Tables 4.20 and 4.21.  Significant differences
 
in soil moisture content during mid-June were found between
 
the dry bluegrass and moist bluegrass communities at the 30
 
cm depth in both 1994 (p=0.033) and 1995 (p=0.040).  The same
 
result was observed at the 45 cm depth (p=0.018, p=0.034).
 
Significant differences in soil moisture content at 30 cm
 
depth during mid-June were found between the moist bluegrass
 
and moist meadow foxtail communities for both 1994 (p=0.024
 
and 1995 (p=0.008).  The same result occurred at the 45 cm
 
depth (p=0.009, p=0.008).
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Table 4.20.  Average mid-June soil moisture content for the
 
moist bluegrass and dry bluegrass communities at 30 and 45
 
cm depth.  Percent.
 
Moist Bluegrass  Dry Bluegrass
 
1994:  30 cm  42  29
 
1995:  30  cm  51  34
 
1994:  45  cm  46  32
 
1995:  45  cm  58  36
 
Table 4.21.  Average mid-June soil moisture content for the
 
moist meadow foxtail and moist bluegrass communities at 30
 
and 45 cm depth.  Percent.
 
Moist Meadow  Moist Bluegrass
 
Foxtail
 
1994:  30 cm  51  42
 
1995:  30 cm  66  51
 
1994:  45 cm  58  46
 
1995:  45  cm  81  58
 
Average depth to the water table for the moist meadow
 
foxtail and wet meadow communities are presented in Table
 
4.22.  Significant differences in depth to the water table
 
during mid-June were found between these two communities for
 
both 1994 (p<0.0001) and 1995 (p<0.0001).
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Table 4.22.  Average mid-June water table depth for the wet
 
meadow,  moist meadow foxtail,  moist bluegrass,  and dry
 
bluegrass communities (cm).
 
1994  1995
 
Wet Meadow  22  10
 
Moist Meadow Foxtail  48  24
 
Moist Bluegrass  69  50
 
Dry Bluegrass  103  91
 
The extreme differences in precipitation during the two
 
years of the study is expressed in the soil moisture content
 
and water table depth within plant communities across years.
 
This range in soil moisture and water table depth provides
 
critical information in the determination of plant community
 
thresholds.
 
The threshold between the moist bluegrass community and
 
the dry bluegrass community is quite stark.  The range in
 
average soil moisture for these two plant communities do not
 
overlap.  The average soil moisture content in the moist
 
bluegrass community during the dry year is 8% greater than
 
the  average soil moisture content in the dry bluegrass
 
community during the wet year (Table 4.2.0).  The threshold
 
between the moist bluegrass community and the dry bluegrass
 
community lies near 41 percent soil moisture in mid-June.
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The threshold between the moist meadow foxtail and moist
 
bluegrass community is not quite as stark.  During the dry
 
year the soil moisture content within the moist meadow
 
foxtail community averaged 51% and during the wet year the
 
moist bluegrass community averaged 51% (Table 4.21).  The
 
threshold appears to lie at 51% soil moisture during the
 
growing season. Anaerobic conditions within the rooting zone
 
during the growing season is also an important component in
 
determination of a threshold between these two communities.
 
The water table depth in mid-June 1995 was less than 30 cm
 
below ground surface at 11% of the well sites located in the
 
moist bluegrass community in contrast to 63% of the well
 
sites located within the moist meadow foxtail community.  In
 
mid-June 1994, 17% of the well sites located within the moist
 
meadow foxtail community exhibited water table levels within
 
30 cm of the surface whereas 0% of the wells located within
 
the moist bluegrass community showed a water table less than
 
30  cm below the  surface.  Due  to  the  difficulty  in
 
determining soil moisture content of saturated soils, the
 
average soil moisture content for the moist meadow foxtail
 
community may be understated.  It is conceivable that the
 
threshold between the moist bluegrass community and the moist
 
meadow foxtail community is slightly greater than 51% soil
 
moisture content during the growing season.
 
The threshold between the wet community and the moist
 
meadow  foxtail  community  cannot be  determined by  soil
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moisture content due to the difficulty associated with
 
determination of soil moisture content for saturated soils,
 
however,  depth to water table during the growing season
 
provides the necessary information.  Average water table
 
depths for the wet meadow community and the moist meadow
 
foxtail community during mid-June are presented in Table
 
4.22.  During the dry year the average water table depth was
 
22 cm in the wet community and during the wet year the
 
average water table depth for the moist meadow foxtail
 
community was 24 cm.  The threshold between the wet community
 
and the moist meadow foxtail community appears to occur at
 
a water table depth of 23 cm during the growing season.
 
CONCLUSIONS
 
Conclusions which can be drawn from the results of this
 
study concern the functioning of the riparian system, the
 
impact of irrigation and the determination of transition
 
zones.  The results of this study indicated that soil
 
moisture and/or depth to the water table was the predominant
 
variable in determination of the plant community.  The plant
 
communities  contained within this  study  area displayed
 
definite relationships with respect to soil moisture content
 
and/or water table depth during the growing season.  States
 
and transition zones between plant communities can be defined
 
on the basis of the average range in soil moisture and/or
 
water  table  depth  during  the  growing  season.  The
 
relationship between water table and soil moisture can be
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used to determine the impact of a permanent water table
 
change on the existing plant community.  This information
 
could be used in stream restoration projects to predict plant
 
community dynamics within the riparian zone.
 
The impact of irrigation on the meadows contained within
 
this study was tremendous.  Meadow water table profiles
 
indicated that the naturally occurring riparian zone would
 
be limited to a range of 1 to 30 m per creekside.  Many of
 
the moist meadow foxtail and wet meadow communities found in
 
the study area today would become moist or dry bluegrass
 
communities with the removal of irrigation.
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CHAPTER 5
 
SUMMARY
 
Investigation into the ability of current ecological
 
theory to accurately describe and predict the effects of
 
natural events or management decisions on riparian vegetation
 
dynamics has resulted in the extension of our understanding
 
of riparian zone processes.  Non-equilibrium theory,  as
 
expressed by the state-and-transition model, was found to
 
provide an adequate theoretical framework for describing
 
vegetation dynamics within the riparian meadows contained
 
within this study.  Further testing of this theory in other
 
locations should be a high priority for the range science
 
profession.
 
Depth to water and soil moisture content appears to
 
regulate the pattern of vegetative communities found within
 
the riparian zone.  These two parameters provide critical
 
information  for determination  of vegetation  states  and
 
transition zones.  Understanding the soil moisture tolerance
 
ranges exhibited by the different plant communities and the
 
relationship between water table depth and soil moisture
 
increases our ability to make sound management decisions
 
within the riparian ecosystem.
 
The quality and quantity of forage produced within the
 
riparian  zone provides  the economic backbone  for many
 
livestock ranches contained within the arid and semi-arid
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linkages between the stream channel and water table will
 
assure the continued production of high quality forage
 
associated with riparian plant communities.
 
The importance of preserving the ecological integrity
 
of riparian ecosystems has focused a tremendous amount of
 
attention upon the impact of management within the riparian
 
zone.  Sound scientific research into the physical and
 
biological attributes associated with riparian zones provides
 
the knowledge necessary for improved management.  Hopefully
 
this research has made a contribution towards that goal.
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APPENDIX I
 
ANALYSIS OF VARIANCE TABLES - MANAGEMENT COMPARISONS
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*  Dependent Variables:
 
Bareground
 
Litter
 
Meadow foxtail
 
Kentucky bluegrass
 
Fecal
 
Moss
 
Tufted hairgrass
 
Forbs
 
Timothy
 
Kentucky bluegrass & timothy
 
Sedges and rushes
 
Basal cover (plants)
 
Willow
 
Shrub
 
Other grass
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Test:  Treatment Effect Within
 
Plant Community Across Years
 
ANOVA
 
Dependent Variable:  *
 
Source of Variation  Degrees of Freedom
 
Vegetation  2
 
Treatment  2
 
Vegetation & Treatment  4
 
Year nested Vegetation & Treatment  9
 
Location nested Treatment  10
 
Location within Treatment  23
 
Total  50
 
Dependent Variable:  Stubble
 
Source of Variation  Degrees of Freedom
 
Vegetation  2
 
Treatment  2
 
Vegetation & Treatment  4
 
Year nested Vegetation & Treatment  8
 
Location nested Treatment  9
 
Location within Treatment  13
 
Total  38
 
Dependent Variable:  Forage, Crude Protein, ADF, IVDMM
 
Source of Variation  Degrees of Freedom
 
Vegetation  2
 
Treatment
  2
 
4
 Vegetation & Treatment
 
9
 Year nested Vegetation & Treatment
 
Location nested Treatment  10
 
Location within Treatment  21
 
Total  48
 Test:  Treatment within plant community 
ANOVA 1994 
Dependent Variable:  Stubble 
Degrees of Freedom 
Moist bluegrass  Meadow foxtail  Dry bluegrass 
Source of Variation  1994  1995  1994  1995  1994  1995 
Treatment  2  2  2  2  1  2 
Location Within Treatment  6  7  1  3  1  4 
Total  8  9  3  5  2  6 Test:  Treatment Within Plant Community
 
ANOVA 1994 & 1995
 
Dependent Variable:  * 
Degrees of Freedom 
Moist bluegrass  Meadow foxtail 
Source of Variation  1994  1995  1994  1995 
Treatment  2  2  2  2 
Location Within Treatment  8  8  2  4 
Total  10  10  4  6 
Dependent Variable:  Forage, crude protein, ADF, IVDMM
 
Degrees of Freedom
 
Moist bluegrass  Meadow foxtail
 
Source of Variation  1994  1995  1994  1995
 
Treatment  2  2  2  2
 
Location Within Treatment  8  8  2  4
 
Total  10 10  4  6
 
Dry bluegrass
 
1994  1995 
1  2 
5  6 
7  8 
Dry bluegrass
 
1994  1995
 
2 2
 
4 5
 
6 7
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Test:  Across Plant Community
 
ANOVA
 
Dependent Variable: *
 
Degrees of Freedom
 
Source of Variation  1994  1995 
Vegetation  3  3 
Location  12  12 
Vegetation and Location  15  18 
Total  30  33 
* Dependent Variables:
 
Bareground
 
Litter
 
Meadow foxtail
 
Kentucky bluegrass
 
Fecal
 
Moss
 
Tufted hairgrass
 
Forbs
 
Timothy
 
Kentucky bluegrass & timothy
 
Sedges and rushes
 
Basal cover (plants)
 
Willow
 
Shrub
 
Other grass
 
ANOVA
 
Dependent Variable: Stubble
 
Degrees of Freedom
 
Source of Variation  1994  1995
 
Vegetation  3  3
 
11
 Location  9
 
14
 Vegetation and Location  8
 
28
 Total  20
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Test:  Within Plant Community Across Years
 
ANOVA 
Dependent Variable:  * 
Source of Variatio
Vegetation 
Year nested in vegetation 
Location nested in vegetat
Location 
n 
ion 
Degrees of Freedom 
3 
4 
26 
16 
Total  49 
Dependent Variable:  Stubble
 
Source of Variation  Degrees of Freedom
 
Vegetation  3
 
Year nested in vegetation  4
 
Location nested in vegetation  26
 
Location  16
 
Total  49
 
Dependent Variable:  Crude Protein,  ADF, IVDMM
 
Source of Variation  Degrees of Freedom
 
Vegetation  3
 
Year nested in vegetation  4
 
Location nested in vegetation  29
 
Location  26
 
Total  62
 
Dependent Variable:  Forage
 
Source of Variation  Degrees of Freedom
 
Vegetation
  3
 
4
 
Location nested in vegetation  29
 
Location  24
 
Total  60
 
Year nested in vegetation
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Test:  Year Interaction with Plant Community
 
ANOVA
 
Dependent Variable:  *
 
Source of Variation  Degrees of Freedom
 
Year
  1
 
Vegetation  3
 
Year * Vegetation  3
 
Location within Vegetation  30
 
Error  27
 
Total  64
 
Dependent Variable:  Stubble
 
Source of Variation  Degrees of Freedom
 
Year  1
 
Vegetation  3
 
Year * Vegetation  3
 
Location within Vegetation  26
 
Error  16
 
Total  49
 
Dependent Variable:  Forage,  Crude Protein, ADF, IVDMD
 
Source of Variation  Degrees of Freedom
 
Year  1
 
Vegetation  3
 
Year * Vegetation  3
 
Location within Vegetation  29
 
Error  14
 
Total  60
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ANOVA
 
Dependent Variable:  Forage
 
Degrees of Freedom
 
Source of Variation  1994
  1995
 
Vegetation  3
  3
 
Location  12  12
 
Vegetation and Location  13  16
 
Total  28  31
 
ANOVA
 
Dependent Variable:  Crude protein, ADF, IVDMM
 
Degrees of Freedom
 
Source of Variation  1994  1995
 
Vegetation  3  3
 
Location  12  12
 
Vegetation and Location  14  17
 
Total  29  32
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Test:  Across Plant Communities Within Years
 
Analysis of Variance
 
Dependent Variable:  Soil Moisture Content
 
Source of Variation  Degrees of Freedom
 
Vegetation  3 
Location  10 
Error  10 
Total  23 
Test:  Within Plant Community Across Years
 
ANOVA
 
Dependent Variable:  Soil Moisture Content
 
Source of Variation  Degrees of Freedom
 
Vegetation  3
 
Year Nested in Vegetation  4
 
Location Nested in Vegetation  22
 
Error  17
 
Total  46
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APPENDIX III
 
DEPTH TO WATER TABLE RELATIVE TO THE REFERENCE WELL, 1995
 SITE 1 
5/8  5/24  6/13  8/28  7/4  7/7  7/11  7/14  7/19  7/22  7/28  7/31  8/12  8/22  9/12 
TRANSECT 1 
CREEK SURFACE  0  -28  -40  -43  -35  -48  -40  -33  -22  -38  -38  -42  -40  -42  -48 
WELL 1  0  -25  -31  -34  -35  -37  -39  -34  -25  48  -39  -40  -43  -51  -57 
WELL 2  -1 
WELL 3  35  -12  -18  -23  -31  -33  37  -34  -35  -39  -40  -40  -48  -53  -84 
WELL 4  44  2  -1  -12  -21  -27  -29  -30  -29  -30  -34  -35  -44  -49  -85 
TRANSECT 3 
CREEK SURFACE  0  -37  -44  -49  -43  -39  -42  -39  -25  -41  -43  -47  -47  -52  -58 
WELL I  -2  -39  -43  -49  -44  -40  -40  -48  -30  -45  -48  -47  -50  -54  -82 
WELL 2  0  -30  -35  -41  -44  -43  -44  -45  -41  47  -31  -52  -57  -84  -72 
WELL 3 
WELL 4  38  4  -3  -12  -24  -27  -29  41  -33  -31  -35  -35  -43  47  37 
TRANSECT 5 
CREEK SURFACE  -11  -40  -46  -53  -43  -44  -43  -40  -28  -44  -48  -52  -50  -53  40 
WELL 1 
WELL 2 
-7 
-9 
-43 
40 
-47 
-33 
-49 
-35 
-43 
-38 
-42 
-34 
-41 
-37 
-42 
-38 
-29 
-31 
-44 
-39 
-48 
-43 
-49 
-44 
-51 
-48 
-53 
-56 
-59 
-89 
WELL 3  7  -11  -14  -18  -28  -28  -30  31  -28  -32  -38  -37  -43  -51  48 
WELL 4  23  -4  4)  -10  -24  -27  -32  -33  32  41  38  38  -43  -48  -60 
TRANSECT 2 
CREEK SURFACE 
WELL 1 
-7 
-a 
-34 
38 
-41 
-39 
-44 
-51 
0 
0 
0 
0 
0 
0 
-37 
-45 
-21 
30 
-38 
-48 
-41 
-48 
0 
0 
-43 
-52 
-45 
-58 
-52 
-82 
WELL 2 
WELL 3 
WELL 4 
-1 
-5 
-11 
-34 
33 
-35 
-38 
36 
38 
-43 
-42 
-38 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-44 
-44 
-40 
-47 
-45 
-39 
-45 
-44 
-43 
-47 
-47 
-48 
0 
0 
0 
-83 
-81 
-82 
-88 
-69 
-72 
-77 
-79 
-65 
TRANSECT 4 
CREEK SURFACE  0  31  -38  -37  0  0  0  31  -18  -33  32  0  -38  -39  -47 
WELL 1  0  -28  -25  -30  0  0  0  -34  -17  -40  -42  0  -48  -58  -01 
WELL 2  2  -20  -18  -28  0  0  0  -40  -32  -47  -51  0  -63  -67  -77 
WELL 3  15  -3  0  -13  0  0  0  -37  38  -43  -43  0  -70  -87  -80 
WELL 4  18  -2  -1  -13  0  0  0  -41  -40  -48  -49  0  -81  -87  53 SITE 2 
5/8  5/24  6/13  6/28  7/14  7/22  7/25  8/12  8/22  9/14
TRANSECT 1 
CREEK SURFACE  0  -14  -27  -23  -25  -15  -17  -23  -22  -30 
WELL 1  0  0  -18  -20  -23  -17  -28  -29  -35  -41 
WELL 2  3 0  1  -a  -5 1  -4  -8  -12  -18 
WELL 3  -12  -11  -11  -10  -11  -11  -38  -42  -45  -51 
WELL 4  18  -4  -a  -17  -34  -32  -37  -47  -54  -84 
TRANSECT 3 
CREEK SURFACE  0  -24  -37  -39  -44  -28  -28  -34  -35  -41 
WELL 1  0  -7  -28  -28  -36  -30  -32  -40  -46  -53 
WELL 2  -28  -28  -26  -27  -28  -27  -25  -28  -25  -27 
WELL 3  30 3  8  1  -17  -20  -21  -29  -32  -39 
WELL 4  -88  -88  -88  -88  -88  -88  -88  -88  -88  -88 
TRANSECT 5 
CREEK SURFACE  0  0  -21  -19  -21  -11  -12  -15  -19  -24 
WELL 1  0  -2  -18  -20  -20  -9  -11  -16  -21  -30 
WELL 2  2  2  -19  -20  -23  -i5  -20  -22  -28  -38 
WELL 3  -2  -10  -16  -21  -31  -19  -21  -27  -29  -37 
WELL 4  -9 7  -14  -18  -33  -21  -25  -28  -37  -48 
TRANSECT 2 
CREEK SURFACE  -15  0  -27  NO  NO  NO  NO  NO  NO  NO 
WELL 1  -14  -14  -30  -37  -42  -33  -39  -43  -54  -68 
WELL 2  -11  -12  -30  -30  -36  -33  -39  -46  -58  -68 
WELL 3  -14  -17  -27  -32  -38  -31  -37  -48  -58  -70 
WELL 4  -10  -14  -18  -23  -25  -24  -26  -45  -54  -83 
TRANSECT 4 
CREEK SURFACE  -2  -20  -31  -35  -30  -22  -24  -28  -30  -33 
WELL 1  -3  -11  -22  -24  -25  -20  -23  -29  -35  -48 
WELL 2  3  7  1  -1  -8  -7  -7  -14 -17 -28 
WELL 3  -1  2  5 8 8 8 7 8 7  5 
WELL 4  47  42  43  36  28  30  24  -1  -13  -26 SITE 3 
5/7  5/24  6/13  6/28  7/14  7/25  8/12  8/22  9/14 
TRANSECT 1 
CREEK SURFACE  -16  -39  -41  -50  -42  -35  -39  -35  -49 
WELL 1  -14  -35  -36  -45  -42  -38  -41  -50  -55 
WELL 2  28  1  -2  -11  -19  -18  -31  -35  -40 
WELL 3  45 18 17 10  8  6  -2  -6  -15 
WELL 4  59 34 34  29 30  27  24  19  17 
TRANSECT 2 
CREEK SURFACE  -24  -47  -49  -54  -57  -41  -46  -50  -57 
WELL 1  -24  -43  -46  -54  -56  -57  -80  -87  -71 
WELL 2  -18  -35  -39  -45  -56  -54  -60  -60  -69 
WELL 3  -2  -27  -32  -41  -56  -55  -61  -64  -67 
WELL 4  10  -18  -22  -30  -49  -52  -80  -62  -65 
TRANSECT 3 
CREEK SURFACE  -115  -135  -142  -148  -142  -129  -137  -145  -146 
WELL 1  -80  -101  -100  -106  -107  -111  -132  -136  -141 
WELL 2  68  34  32  28  28  22  1  -5  -18 
WELL 3  81 42  41 36  35 30  8  3  -2 
WELL 4  94  82  58  53  53  43 47  37 34 
TRANSECT 4 
CREEK SURFACE  -24  -47  -49  -54  -57  -41  -48  -50  -57 
WELL 1  -24  -43  -46  -54  -56  -57  -60  -67  -71 
WELL 2  49 49  49  49  49 49 49  49  49 
WELL 3  -2  -18  -17  -27  -32  -37  -39  -47  -49 
WELL 4  11  -3  -10  -18  -30  -31  -35  -36  -46 
TRANSECT 5 
CREEK SURFACE  -14  -33  -32  -35  -32  -23  -32  -34  -41 
WELL 1  -8  -18  -16  -18  -18  -13  -20  -27  -41 
WELL 2  42 13  14 10  11  7  -6  -11  -30 
WELL 3  81  39  40 33 35  29  10  4 -18 
WELL 4  81  59  56  52 50 42  23  15  -3 SITE 4 
5/7  5/24  8/13  6/28  7/14  7/25  8/12  8/23  9/12 
TRANSECT 1 
CREEK SURFACE  -56  -83  -78  -77  -78  -63  -87  -71  -76 
WELL 1  -12  -51  -47  -55  -59  -58  -58  -59  -69 
WELL 2  -21  -24  -15  -39  -46  -48  -48  -52  -63 
WELL 3  16  -14  -7  -33  -44  -45  -45  -53  -65 
WELL 4  26  -2  5  -18  -31  -31  -30  -41  -54 
TRANSECT 2 
CREEK SURFACE  -17  -42  -40  -37  -37  -26  0  0  0 
WELL 1  -10  -24  -23  -29  -30  -20  0  0  0 
WELL 2  -4  -16  -15  -21  -23  -21  -32  -37  -44 
WELL 3  -2  -7  -5  -9  -9  -15  -43  -49  -64 
WELL 4  43  15  18  11  7  -1  -40  -50  -64 
TRANSECT 3 
CREEK SURFACE  -19  -47  -49  -50  -50  -37  -35  -42  -43 
WELL 1  -3  -41  -26  -40  -47  -34  -34  -37  -48 
WELL 2  23  -24  -16  -28  -39  -29  -27  -34  -45 
WELL 3  39  6  16  -6  -17  -13  -13  -20  -35 
WELL 4  50  22  32  11  -3  1  1  -11  -28 
TRANSECT 4 
CREEK SURFACE  -13  -38  -33  -31  -40  -28  -33  -27  -32 
WELL 1  -1  -9  -10  -13  -19  -14  -32  -33  -43 
WELL 2  5  2  1  -4  -7  -11  -38  -42  -49 
WELL 3  21  13  14  8  4  -2  -30  -36  -42 
WELL 4  25  15  14  7  0  -7  -39  -47  -58 
TRANSECT 5 
CREEK SURFACE  -87  -120  -116  -112  -125  -104  -109  -109  -114 
WELL 1  -85  -74  -68  -78  -104  -100  -100  -103  -111 
WELL 2  -12  -43  -30  -49  -90  -92  -90  -91  -98 
WELL 3  3  -32  -18  -32  -40  -41  -40  -47  -54 
WELL 4  20  -24  -5  -27  -45  -44  -42  -54  -72 SITE 5
 
5/7  5/23  6/16  6/28  7/13  7/25  8/10  8/24  9/13
 
TRANSECT 1
 
CREEK SURFACE  -7  -51  -66  -89
  -81  -82  -83  -92  -94
 
WELL 1  -6  -47  -63
  -72  -82  -84  -85  -92  -97
 
WELL 2  -9  -45  -61
  -71  -81  -84  -87  -93  -97
 
WELL 3  -12  -49  -65  -74  -82  -89  -90  -95  -99
 
WELL 4  -7  -43
  -81  -68  -84  -83  -85  -92  -96
 
TRANSECT 2
 
CREEK SURFACE  0  -27  -38  -43  -47  -80  -58  -65
  -86
 
WELL 1  0
  -21  -38  -47  -53  -59  -84  -71  -74
 
WELL 2  9  -32  -43  -52  -59  -88  -71  -75  -80
 
WELL 3  7  -29
  -44  -56  -59  -71  -76  -85  -87
 
WELL 4  -37  -51  -81  -68  -75  -86  -92  -97
 1
 
TRANSECT 3
 
CREEK SURFACE  0  -22  -34  -42  -52  -54  -54  -83  -83
 
WELL 1  -20  -15  -34  -42  -49  -54  -57  -88  -69
 
WELL 2  24  -12  -29  -37  -42  -42  -53  -63  -64
 
WELL 3  23  -14  -31  -40
  -47  -54  -57  -62  -68
 
WELL 4  15  -21  -36  -47  -49  -63  -67  -71  -77
 
TRANSECT 4
 
CREEK SURFACE  -2  -42  -52  -59  -82  0  0  0  0
 
WELL 1  -2  -38  -53  -60  -71  -75  -77  -84  -88
 
WELL 2  11  -26  -41  -50  -57  -83  -86  -72  -74
 
WELL 3  -30  -62  -81  -90  -106  -104  -110
  -115  -117
 
WELL 4  1  -34  -49  -57  -64  -72  -76  -81  -87
 
TRANSECT 5
 
CREEK SURFACE  0  -29  -44  -50  -58  -60  -61
  -85  -68
 
WELL 1  0  -28  -40  -50  -57  -61  -82  -87  -70
 
WELL 2  9  -25  -41  -50  -57  -65  -65  -71  -75
 
WELL 3  43  8  -6  -16  -22  -30  -32  -38  -42
 
WELL 4  11  -24  -38  -51  -56  -64  -67  -76  -79
 SITE 6 
5/23  6/16  6/28  7/13  7/25  8/10  8/24  9/13 
TRANSECT 1 
CREEK SURFACE  -81  -97  -112  -117  -120  -115  -128  -134 
WELL 1  -79  -98  -111  -120  -122  -116  -127  -131 
WELL 2  -85  -103  -117  -121  -127  -124  -133  -133 
WELL 3  -84  -101  -112  -119  -125  -123  -131  -132 
WELL 4  -86  -101  -112  -122  -125  -127  -130  -135 
TRANSECT 2 
CREEK SURFACE  -23  -38  -52  -60  -58  -55  -86  -73 
WELL 1  -18  -37  -46  -82  -84  -59  -69  -76 
WELL 2  -12  -34  -46  -59  -63  -58  -87  -74 
WELL 3  -16  -38  -51  -63  -67  -65  -71  -78 
WELL 4  -22  -42  -58  -71  -74  -71  -78  -83 
TRANSECT 3 
CREEK SURFACE  -83  -78  -88  -103  -102  -98  -109  -116 
WELL 1  -58  -79  -92  -102  -104  -98  -103  -107 
WELL 2  -54  .75  -88  -98  -100  -94  -104  -110 
WELL 3  -54  -75  -90  -99  -101  -98  -106  -111 
WELL 4  -51  -71  -88  -97  -99  -95  -103  -110 
TRANSECT 4 
CREEK SURFACE  -30  -48  -60  -73  -71  -85  -78  -82 
WELL 1  -25  -46  -60  -89  -70  -65  -75  -81 
WELL 2  -22  -43  -80  -70  -72  -70  -79  -83 
WELL 3  4  -6  -31  -49  -51  -51  -56  -58 
WELL 4  10  -12  -27  -43  -44  -43  -50  -56 
TRANSECT 5 
CREEK SURFACE  -21  -35  -47  -58  -50  -49  -59  -67 
WELL 1  -14  -31  -45  -55  -80  -53  -83  -73 
WELL 2  -7  -24  -43  -50  -55  -55  -63  -72 
WELL 3  1  -15  -32  -38  -48  -56  -63  -68 
WELL 4  8  -8  -21  -37  -40  -52  -57  -61 SITE 7 
5/6  5/23  6/15  6/29  7/14  7/25  8/9  8/23  9/15 
TRANSECT 1 
CREEK SURFACE  0  -7  22  -32  -43  -51  -54  -60  -68 
WELL 1  0  -5  -21  -36  -48  .63  -61  -73  -78 
WELL 2  14  -6  -20  -27  -42  -56  -65  -70  -77 
WELL 3  13  -10  -23  -41  -56  -72  -84  -89  -94 
WELL 4  7  -16  -33  -51  -69  -76  -85  -88  -94 
TRANSECT 2 
CREEK SURFACE  -39  -61  -75  -83  -90  -108  -107  -111  -117 
WELL 1  -39  -52  -66  -74  -85  -92  -100  -108  -101 
WELL 2  -16  -40  -54  -65  -81  -88  -98  -103  -94 
WELL 3  -9  -34  -50  -63  -79  -89  -101  -111  -97 
WELL 4  -5  -18  -38  -53  -71  -83  -95  -110  -82 
TRANSECT 3 
CREEK SURFACE  -3  -24  -35  -46  -56  -65  -66  -74  -82 
WELL 1  0  -22  -36  -49  -60  -73  -76  -84  -89 
WELL 2  1  -19  -34  -41  -60  -77  -81  -86  -94 
WELL 3  2  -22  -38  -40  -81  -87  -100  -101  -102 
WELL 4  0  -21  -36  -40  -62  -75  -81  -87  -97 
TRANSECT 4 
CREEK SURFACE  0  -7  -17  -30  -39  -47  -51  -57  -67 
WELL 1  0  -2  -17  -32  -44  -59  -66  -77  -82 
WELL 2  16  -7  -20  -36  -55  -70  85  100  -116 
WELL 3  19  2  6  -16  -32  -39  -52  -59  -68 
WELL 4  40  13  16  -5  -27  -37  -44  -56  -60 
TRANSECT 5 
CREEK SURFACE  0  0  -8  19  -30  -41  -43  -46  -60 
WELL 1  0  0  -3  19  -37  -57  -63  76  -85 
WELL 2  31  7  -4  -18  -36  -50  -80  -65  -82 
WELL 3  24  3  -8  -19  -40  -54  -70  -79  -89 
WELL 4  51  25  33  20  5  -2  -22  -34  -57 SITE 8 
5/6  5/23  6/15  6/29  7/14  7/25  8/9  8/23  9/15 
TRANSECT 1 
CREEK SURFACE  0  -4  -36  -23  -31  -32  -38  -40  -49 
WELL 1  0  -2  -15  -32  -29  -38  -38  -45  -52 
WELL 2  20  -4  -8  -17  -26  -42  -53  -54  -62 
WELL 3  25  4  4  -2  -10  -35  -51  -59  -63 
WELL 4  24  11  18  14  1  -32  -50  -61  -67 
TRANSECT 2 
CREEK SURFACE  0  12  -24  -33  -37  -43  -47  -51  -59 
WELL 1  0  -8  -17  -24  -27  -49  -64  -68  -72 
WELL 2  32  11  24  7  -12  -35  -51  -59  -68 
WELL 3  37  10  27  8  -16  -42  -57  -67  -77 
WELL 4  53  22  34  21  -11  -40  -65  -71  -80 
TRANSECT 3 
CREEK SURFACE  0  0  0  -11  -16  -19  -23  -28  -35 
WELL 1  0  0  0  -11  -18  -26  -28  -36  -41 
WELL 2  52  32  37  27  4  -5  14  -21  -33 
WELL 3  61  28  44  30  9  -13  -24  -39  -40 
WELL 4  66  29  45  19  -2  -12  -22  -29  -36 
TRANSECT 4 
CREEK SURFACE  -19  -39  -55  -63  -71  -79  -81  -85  -98 
WELL 1  17  -35  -39  -43  -57  -69  -62  -89  -97 
WELL 2  -9  22  -13  -18  -42  -78  -93  96  -105 
WELL 3  28  6  13  11  -20  -65  -74  -78  -84 
WELL 4  35  23  25  14  0  -34  -68  -60  -99 
TRANSECT 5 
CREEK SURFACE  -53  -70  -82  -86  -94  -106  -115  -119  0 
WELL 1  -42  -57  -54  -61  -65  -101  -114  -117  126 
WELL 2  -14  -31  -25  -30  -44  -77  -87  104  120 
WELL 3  -20  -20  -20  -20  -22  -60  -89  103  -120 
WELL 4  13  -4  0  -5  -24  -55  -77  -89  -112 SITE 9 
5/22  6/15  6/29  7/13  7/26  8/9  8/22  9/12 
TRANSECT 1 
CREEK SURFACE  -24  -31  -43  -44  -54  -53  -56  -84 
WELL 1  -19  -28  -36  -43  -59  -75  -91  -94 
WELL 2  10  10  6  -21  -84  -79  -93  -98 
WELL 3  8  5  -3  -21  -62  -78  -83  -93 
WELL 4  14  13  9  -19  -80  -73  -81  -93 
TRANSECT 2 
CREEK SURFACE  -20  -30  -40  -45  -53  -49  -49  -58 
WELL 1  -12  -21  -27  -42  -83  -89  -74  -80 
WELL 2  8  7  3  -18  -80  -68  -83  -84 
WELL 3  9  9  9  -13  -54  -87  -75  -87 
WELL 4  17  17  17  -10  -55  -68  -73  -87 
TRANSECT 3 
CREEK SURFACE  -30  -41  -53  -58  -89  -70  -73  -79 
WELL 1  -23  -34  -41  -48  -68  -77  -81  -89 
WELL 2  -22  -22  -22  -35  -75  -97  -103  -103 
WELL 3  -5  -5  -5  -26  -70  -84  -90  -100 
WELL 4  11  11  11  2  -59  -68  -81  -94 
TRANSECT 4 
CREEK SURFACE  -34  -45  -61  -84  -78  -78  -79  -88 
WELL 1  -29  -36  -41  -48  -77  -92  -97  -104 
WELL 2  -17  -17  -27  -40  -75  -96  -102  -114 
WELL 3  -18  -17  -32  -35  -78  -98  -103  -115 
WELL 4  1  0  -9  -18  -59  -76  -81  -98 
TRANSECT 5 
CREEK SURFACE  -17  -28  -42  -49  -59  -80  -85  -73 
WELL 1  -13  -28  -38  -41  -88  -80  -93  -99 
WELL 2  1  -1  -9  -18  -59  -82  -91  -105 
WELL 3  3  0  -9  -10  -49  -69  -82  -94 
WELL 4  17  16  -11  -24  -55  -67  -70  -80 SITE 10 
5/6  5/25  6/15  6/29  7/10  7/13  7/20  7/23  7/26  7/31  8/9  8/22  9/12 
TRANSECT 1 
CREEK SURFACE  -20  -33  -41  -47  -54  -53  -59  -63  -65  -64  -62  -70  -79 
WELL 1  -19  -40  -59  -59  -64  -68  -71  -76  -82  -82  -84  -90  -97 
WELL 2  -26  -45  -54  -67  -72  -77  -81  -83  -89  -90  -95  -99  -116 
WELL 3  -29  -54  -61  -75  -84  -86  -92  -96  -98  -104  -104  -107  -107 
WELL 4  7  -21  -30  -42  -55  -58  -65  -69  -73  76  -83  -86  -87 
TRANSECT 2 
CREEK SURFACE  -25  -39  -47  -56  -60  -61  -65  -71  -72  -72  -70  -77  -89 
WELL 1  -25  -43  -52  -61  -66  -65  -74  -81  -87  -87  -94  -96  -106 
WELL 2  -25  -38  -39  -48  -52  -49  -54  -59  -68  -79  -78  -85  -114 
WELL 3  -21  -33  -28  -42  -50  -46  -53  -60  -68  -77  -81  -88  -96 
VVELL 4  -14  -14  -14  19  -34  -31  -39  -48  -59  -70  -75  -83  -94 
TRANSECT 3 
CREEK SURFACE  -8  -25  -33  -40  -45  -43  -51  -58  -59  -58  -55  -61  -76 
WELL 1  -4  -22  -32  -41  -48  -51  -62  -69  -76  -82  -90  -99  -100 
WELL 2  -8  -29  -38  -52  -58  -62  -71  -75  -80  -89  -89  -99  -106 
WELL 3  -7  -37  -46  -58  -69  -71  -80  -83  -85  -89  -105  -110  -110 
WELL 4  -13  -45  -50  -65  -75  -81  -87  -90  -92  -92  -103  -109  -113 
TRANSECT 4 
CREEK SURFACE  -7  -24  -36  -44  -51  -50  -55  -61  -61  -64  -58  -64  -73 
WELL 1  -5  -22  -27  -37  -58  -57  -68  -72  -73  -82  -82  -84  90 
WELL 2  3  3  3  -8  -57  -57  -69  -73  -78  -85  -91  98  -100 
WELL 3  6  4  4  -3  -47  -47  -57  -60  -62  -65  -80  -83  -87 
WELL 4  0  -4  -1  -11  -44  -44  -52  -55  -57  -61  -86  -66  -79 
TRANSECT 5 
CREEK SURFACE  -24  -42  -56  -63  -70  -70  -75  -82  -82  -88  -82  -93  -102 
WELL 1  -20  -41  -55  -67  -74  -77  -84  -92  -93  -101  -108  -111  -115 
WELL 2  -14  -43  -55  -65  -69  -74  -82  -89  -92  -98  -98  -111  111 
WELL 3  -23  -41  -54  -62  -66  -70  -79  -88  -92  -93  -93  -106  -109 
WELL 4  -26  -47  -57  -69  -74  -78  -63  -91  -94  -96  -98  -108  -111 SITE 11 
DATE  DATE  DATE  DATE  DATE  DATE  DATE  DATE  DATE  DATE  DATE  DATE  DATE 
5/23  8/15  6/29  7/4  7/8  7/9  7/13  7/20  7/23  7/26  8/9  8/24  9/12 
TRANSECT 1 
CREEK SURFACE  -61  -72  -80  -89  -87  -90  -89  -94  -04  -96  -07  -100  -108 
WELL 1  -81  -75  78  -83  -90  45  -99  102  -105  -104  -104  -108  -108 
WELL 2  -81  -71  -73  -85  -93  -101  -108  -108  -111  -112  -112  115  -117 
WELL 3  -53  -55  -58  -87  -86  -100  -109  -110  -110  .109  -110  -111  -111 
WELL 4  -57  -58  -54  -84  -78  -03  -101  102  -102  -101  -102  -102  -107 
TRANSECT 2 
CREEK SURFACE  -53  -65  -78  -82  -82  -85  45  -89  -94  -95  -08  -99  -107 
WELL 1  -53  -88  -71  -80  -82  -87  -02  48  -98  -104  -108  -112  -112 
WELL 2  -54  -88  -89  -78  -83  -00  -05  -102  -102  -102  -110  -112  -111 
WELL 3  -52  -83  -82  -76  -81  -87  -06  -09  -101  -103  -108  -110  -111 
WELL 4  -55  -63  58  -75  -83  -01  -09  -101  -103  -107  -111  -111  -111 
TRANSECT 3 
CREEK SURFACE  -19  -40  -47  -53  -51  -55  -55  -59  -56  -65  -68  -62  -75 
WELL 1  -19  -35  -45  -48  -48  -51  -53  -57  -63  -65  -83  -88  -90 
WELL 2  -21  35  -44  -44  -44  -81  -52  -89  -66  -71  -85  -91  -89 
WELL 3  -22  -38  -43  -44  -42  -52  -81  -60  46  -87  -85  -88  -85 
WELL 4  -21  -33  -40  -38  -37  -50  -61  -89  -68  -74  -01  -06  -08 
TRANSECT 4 
CREEK SURFACE  -23  -33  -40  -48  -47  -50  -48  -82  -52  -60  -58  -89  -70 
WELL 1  -0  -33  -44  -45  -45  -50  -46  42  -55  -58  41  -82  -71 
WELL 2  24  -38  -46  -47  -40  -55  -62  -68  -72  -78  43  .111  -111 
WELL 3  -25  47  -46  -42  -43  -53  -51  40  -73  -82  -101  -110  -108 
WELL 4  -28  -41  -47  -48  -46  -04  -82  40  -72  42  -102  -110  -108 
TRANSECT 5 
CREEK SURFACE  -49  -86  -85  -82  -75  -83  -81  47  -00  40  -92  -08  .105 
WELL 1 
WELL 2 
-47 
-44 
43 
-56 
-67 
-55 
-75 
-08 
75 
-70 
-78 
-78 
-80 
-80 
-85 4 
-87 
-88 
-88 
-87 
43 
-89 
46 
-93 
-101 
-100 
WELL 3  -47  -62  -50  -71  -74  -79  -83  -88  49  -89  43  49  -101 
WELL 4  -43  -57  -42  -68  -73  -80  -85  -90  -03  -04  100  -103  -108 SITE 12 
5/23  6/14  8/20  7/5  7/8  7/0  7/13  7/20  7/23  7/28  7/31  8/9  8/24  9/11  0/22 
TRANSECT 1 
CREEK SURFACE  -05  -09  -105  -105  -105  -107  -111  -115  114  -118  119  -119  -132  -123  123 
WELL 1  -80  -79  -82  -85  -88  -01  -92  -GB  -101  -102  -109  115  -101  -83  -83 
WELL 2  -34  -31  -39  -51  -81  -89  -67  79  -88  -01  -98  - 106  -63  -47  -54 
WELL 3  -32  .  -30  -40  -54  -70  -81  -74  -01  -08  -103  -114  121  -47  -46  -35 
WELL 4  -64  -80  -71  -89  -103  -103  -109  -127  -134  -143  152  -180  -73  -78  -26 
TRANSECT 2 
CREEK SURFACE  -77  -84  -89  -88  -86  -93  -89  -02  -04  -90  -04  -07  -101  -113  -109 
WELL 1  -74  -78  -80  -83  -84  -84  -84  -84  43  -98  -101  -105  -108  -111  .111 
WELL 2  -65  -80  -82  -63  -64  -80  -65  -88  -81  -93  -05  -108  -114  -108  -73 
WELL 3  -57  -57  -57  -58  -59  -59  -81  -63  -70  -04  -100  -28  -26  -28  -84 
WELL 4  -60  -54  -53  -54  -54  -39  -57  -58  -78  -GI  -39  -39  -39  -39  -64 
TRANSECT 3 
CREEK SURFACE  09  82  87  88  88  92  92  95  103  94  94  92  07  103  100 
WELL 1  59  88  64  71  73  78  78  61  88  92  92  94  95  93  85 
WELL 2  15  15  15  20  41  40  54  59  74  62  87  94  97  70  54 
WELL 3  3  7,  6  13  28  39  47  51  71  80  87  D8  103  36  28 
WELL 4  15  8  6  3  19  28  35  43  65  77  87  90  90  12  13 
TRANSECT 4 
CREEK SURFACE  -71  -83  -00  -88  -88  -82  -BO  -84  -86  -93  -07  -100  -102  -109  400 
WELL 1  -68  -77  -80  -82  -83  -63  -83  -85  -01  -04  -91  -04  -96  -101  -100 
WELL 2  -65  -60  -61  -61  -64  -65  -87  -04  -76  -85  -06  -101  -101  -104  -102 
WELL 3  -61  -53  -52  -53  -54  -55  -58  -60  -74  -87  -00  -105  -105  09  -72 
WELL 4  -80  -54  -55  -55  -57  -37  -80  -63  -76  -87  -01  -105  -100  -110  -71 
TRANSECT 5 
CREEK SURFACE  -82  -75  -78  -88  -88  -00  -89  -01  -08  -88  -87  -01  -04  -107  -04 
WELL 1  -32  -58  -55  -60  -61  -09  -71  -77  -84  -00  -81  -87  -07  -98  -90 
WELL 2  -28  -37  -34  -39  -46  -54  -50  -58  -70  -80  -88  -00  .103  -63  -45 
WELL 3  -6  -10  -9  -12  -28  -37  -39  -46  -65  -74  -83  -87  -02  -26  -23 
WELL 4  9  1  3  -4  -20  -29  -34  -40  -02  -73  -84  -88  -105  -10  -13 